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CiBSERVATIONS OF THE mON, &%RS, URANUS, AND THE STARS 
CF'I'ICAL PROPERTIES OF PI.AJTS 

G .A. Tikhov ,Editor 

A col lect ion of papers comprises: invest igat ions on the  in-
Lcl'ience of environmental fac tors ,  such as temperature, humidi
ty, and l i g h t ,  on the  photosynthesis, spec t ra l  transmittance 
and ref lectance of lower and higher p lan ts ;  color spectro
photometry of t h e  surface of Mars, Uranus, t h e  moon, various 
asteroids ,  and magnetic stars; var ia t ions  i n  t e l l u r i c  l i n e s  
of O2 a t  various a l t i t u d e s ;  philosophical theor ies  on t h e  
or ig in  of l i f e ;  etc.  Conclusions of the  various a r t i c l e s  in
clude: speculative t h e o r i e s  on p lan t  l i f e  on Mars, based on 
the absence of the  chlorophyll absorption band and t h e  Wood 
e f f e c t  i n  t e r r e s t r i a l  p l a n t s  under austere  climates and change 
i n  o p t i c a l  p roper t ies  of p l a n t s  with change i n  environmental 
conditions; theor ies  on i n t e l l i g e n t  l i f e  on Mars, from rapid 
char,ges i n  l i g h t  and dark regions of the  surface; presence 
of b io logica l ly  highly developed p lan ts  on Mars, from the  
m a t e r i a l i s t i c  theory of biogenesis; composition of the  lunar 
surface, from color  excess and color ind ices  of craters .  

T h i s  col lect ion gives an account of the  r e s u l t s  of v i s u a l  observations of 
the planet Y a r s  during t h e  1958 opposit ion and of the cartographic p lo t t ing  of 
the  photographic observations of Mars by G.A.Tikhov during the favorable 1709 
opposition. 

A number of a r t i c l e s  a r e  devoted t o  spec t ra l  invest igat ions of t h e  moon, 
Uranus, magnetic and var iable  stars, and t h e  as te ro ids  Vesta and Eunomia; t o  
electrophotometric invest igat ions of t h e  moon and I h r s ;  t o  a study of twi l igh t  
phenomena i n  the ear th 's  atmosphere and t o  r e s u l t s  of spectrophotometric in
vest igat ions of cul t ivated and wild plants .  

The book i s  intended f o r  s p e c i a l i s t s  studying problems of astrobotany, 
astrophysics,  and geophysics. 

E d i t o r i a l  board 

G.A.Tikhov (deceased) (Editor-in-Chief) ,N.I.Suvorov (Assistant Editor-in-
Chief) , and A .  K .Suslov (Secretary) 

9 Numbers i n  t h e  margin ind ica te  pagination i n  t h e  o r i g i n a l  foreign t e x t .  



PROBLEM OF INVESTIGATING THE TOTAL ABSORPTION OF LIGHT /3
By PLANT LEAVES UNDER FIELD CONDITIOKS 

G.A.Tikhov, Deceased 

The study of t h e  s p e c t r a l  properties of p lan ts  in t h e  Astrobotany Sector 
of t he  Kazakh Academy of Sciences began with a n  invest igat ion of t h e i r  spectrcil 
reflectance.  This was followed by research on t h e  spec t r a l  transmittance of 
plants .  Presently,  t h i s  has been supplemented by s tud ie s  on t h e  l i g h t  absorp
t i o n  by p lan ts  a t  d i f f e r e n t  wavelengths. A l l  t he se  inves t iga t ions  were car r ied  
out on t h e  basis of a s c a l e  rade from a white baryta p la te ,  illuminated - just 
as p lan ts  - by d i r e c t  s o l a r  rays. I n  first approximation, the  brightness of t he  
baryte p l a t e  i n  a l l  regions of t h e  spectrum i s  taken as unity.  

Ne w i l l  denote t h e  brightness of t he  l i g h t  sca t te red  by a plant l ea f  a t  the  
wavelength h by R x ,  t h e  l i g h t  transmitted through it by Tl , and t h e  sum of both 
by Sl. Thus, SI. = 3.1 + lj . Then, f o r  t h e  brightness of t h e  l i g h t  absorbed by 
t h e  p lan t  X we obtain t h e  expression 

A1= 1-5.1, (1) 

where t h e  inc ident  l i g h t  from t h e  sun i s  taken as 1. 

Next, we w i l l  f i nd  t h e  t o t a l  absorption of l i g h t  f o r  t he  e n t i r e  spectrurr.. 

L e t  us separate  t h e  e n t i r e  measured spectrum, within t h e  lirriits XI and A , ,  
i n t o  n regions i d e n t i c a l  i n  t h e  number of millimicrons so  that the  length of 

each region 6, = 
A2 

n 
- hl . We w i l l  construct a curve by p lo t t i ng  t h e  wave

length A on t h e  axis of absc issas  and S i  on t h e  axis of  ordinates.  Then, t h e  
area between t h e  abscissa of t h i s  curve and the  two  adjacent ord ina tes ,  with t h e  
center a t  A ,  w i l l  represent t h e  mean value of S i  f o r  t h i s  h .  A l . 1  r e f l ec t ed  and 

n 
transmitted l i g h t  f o r  t h e  e n t i r e  spectrum is equal t o  S = FS, while t h e  absorbed 

1 
n n 

l i g h t  w i l l  be A = n - C Sl ; i f  we t ake  a l l  l i g h t  that f e l l  on t h e  plant as 1,
1 1 

then t h e  t o t a l  coe f f i c i en t  of absorption f o r  t h e  e n t i r e  spectrum w i l l  be ex
pressed by t h e  formula 

I nA = 1- ,cs1. 
1 

The greater t h e  value of n, t he  more accurate  w i l l  be A. 
n 

The g rea t e s t  accuracy wi l l  be obtained upon subs t i t u t ing  C Sl by t h e  area 
1 

between t h e  afis of abscissas, t h e  extreme axes of ord ina tes ,  and t h e  curve SA.  

2 




Then, n is  replaced by t h e  a rea  between these  ordinates  and a s t r a i g h t  l i n e  
p a r a l l e l  t o  the  absc issa  and having a n  ordinate  equal t o  1. 

The first a rea  can be determined by a planimeter. & 
Tables 1 - 9 and Figs.1 - 8 show examples f o r  a determination of A ,  on the  

basis of observations by V.P.Bedenko, graduate student of t h e  Sector,  which he 
car r ied  out i n  Uzbekistan, on t h e  Kola Peninsula, in t h e  Crimea, and i n  the  
mountains of Za i l iysk iy  Alatau, and a l s o  of the  observations by A.P.Kutyreva i n  
the  ParArs .  

On t h e  bas i s  of t h e i r  values of S l y  smooth curves ' w e r e  p lot ted from which, 
every 10 mw, the  values of SI were recorded; these  are shown in Tables 1 - 9 .  

Below t h e  columns of Sl ,we entered t h e  calculated sums of S, divided i n t o  
n numbers. These values w e r e  subtracted from uni ty  thus .yielding the  values 
of  A .  

br ig ina l ly ,  c e r t a i n  coworkers of t h e  Sector  determined A from eq . ( l ) ;  a t  
t h e  wavelengths a t  which S, w a s  g rea t e r  than uni ty ,  they obtained a negative 
value f o r  A which they  gave the  completely obscure designat ion of "negative 
absorption". 

Actually, f o r  these  regions of t h e  spectrum, t h e  l i g h t  due t o  self-emission 
of t h e  plant under s o l a r  rad ia t ion  is  added t o  the  inc ident  l i g h t  from the  sun. 
There is no doubt t h a t  i n  any region of the  spectrum t h e  incident  sunl ight  can 
be taken as uni ty ,  but  t h e  plant  d i s t r i b u t e s  t h i s  l i g h t  over various regions of 
t he  spectrum i n  conformity with i t s  v i t a l  requirements, and only on the  average 
f o r  t h e  e n t i r e  spectrum can we take  t h e  t o t a l  f lux of s o l a r  i r r a d i a t i o n  as unity.  

To study the  absorpt ion of l i g h t  by a plant i n  individual  spectrum regions, 
we must determine t h e  self-emission o f  t h e  plant o r ,  more broadly speaking, t he  
reac t ion  of  plants  t o  a l i g h t  f lux i n  d i f f e r e n t  rays.  

This inves t iga t ion  is  planned as t h e  next s tep .  

3 




T A B U  1 A PPEh?IX 

TEA SHRUB. LEAF OF THE THIRD LEVEL. TASHKENT OBLAST'. S.SIDZHAK. 
October 3, 1957, Noon, t = 3 9 C .  O b s e r v a t i o n s  by V.P.Bedenko 

?. 

-1 
~ 

4 710 
720 ,480 ,350

520mp 0,150 0,040 0, I90 730 ,652 ,301
530 ,160 ,050 ,210 740 ,846 ,481
540 ,160 ,050 ,210 i50 ,912 ,395
550 ,150 ,053 ,203 760 ,642 ,764
560 ,160 ,046 ,206 770 ,655 ,795
570 ,160 ,032 ,192 780 ,655 ,785 

590 
600 

,130 ,014
,130 ,014 

,144 
,144 

800 ,655 ,700 

610 
620 
630 

,120 ,011 ,131 
11%
,115 

810 
820 
830 
840 

,700 ,620 
,700 ,600 

640 ,115 850 
650 
660 
670 

,095 ,013
,103 ,014 
,120 ,030 

,108 
,117 
,150 

860 
870 
880 ,565 ,957 

580 ,137 ,024 ,I61 790 ,655 ,745 

680 ,151 ,060 ,211 a90 ,565 ,550

690 ,237 ,156 ,393 

700 ,294 ,180 .474 


TABLE 2 

0.646 
0,830 
( I ,  9 * 9  
1,327 
1,3a7 
1,406 
1.450 
I ,440 
1,400 
1,355 

I .320 
1,300 
1.310 
1.347 

1,513 
1,522 
I ,  115 

S=27,941 
1/38 S-0,735 

A =0,265 

CABBAGE. PET.lUZAVODSK, A G R I C U L T W L  SECTION OF THE 
KARELIA BRANCH OF THE USSR ACADEMY OF SCIENCES. 

June 20, 1958, 12:20, t = 2OoC. bbservations by V.P.Bedenko-

I 
-

I 1 2 1 3 4 
610 0,162 0,074 0,236 

0,124 620 ,170 ,070 ,240 
460 ,110 630 ,157 ,060 ,217 
4 70 ,140 640 ,135 ,010 ,145 
480 ,144 650 ,124 ,020 ,144

ti60 ,125 ,018 ,143490 ,155 
500 ,163 670 ,166 ,026

680 ,258 ,188 
510 ,172 690 ,352 ,297 
520 ,162 ,078 ,240 700 ,436 ,380 
530 ,207 ,114 ,321 
540 ,214 ,123 ,337 710 ,580 ,565 
550 ,217 ,128 ,345 720 ,650 ,690 
560 ,209 ,120 ,329 730 ,630 ,700 
570 ,194 ,110 ,304 740 ,590 .789 
580 ,197 ,105 ,302 750 =,656 ,712 
590 ,178 ,086 ,264 760 ,596 ,451 
600 ,178 ,086 ,264 	 770 ,622 ,409

780 ,554 ,344
790 ,521 ,307
800 ,487 ,307 

,192 
,446 
,649 
,816 

1,145 
1,340 
1,330 
1,379
1,368 
1,017 
1,031 
0.898 
0;828 
0,794 

S= 18,102
I /368=0,503

A= 0,497 
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FCITBTOES. FFTiBZAVODSK, AGRICULTURAL SECTION OF THE 
KARnW E W " H  OF THE USSR ACADEKY OF SCIEPJCES. 

June 20, 1958, 12:20, t = 2OoC. Observations by V.P.Bedenko 

1 -
SA 1 l 2  4 

~ 

1 4-_ 610 0,198 

4fIOmp
4 10 
4 20 
430 
4 4 0  
4 50 
460 
470 
4 80 
491)
500 

510 
520 
530 
540 
550 
560 
570 
580 
590 
600 

8.016 
,016 
,016 
,017 
,017 
,074 
,024 
,018 
,029 
,035 
,055 

,047 
,104 
,169 
,182 
,185 
,165 
,159
,142 
,121 
,121 

1,093 
,(J93
,08S 
,093 
,093
,085 
,081 
,079 
,082 
,095
,089 

,093 
* 10.4 
,147 
,155 
.1:5 
,142 
,129 
,123 
,109 
,109 

0,109 
,109 
,101 
, I  IO 
, I  10 
,109 
,105 
,107 
, 1 1 1  
,130 
,144 

,130 
,208
,31ti 

' ,3i7 
,340 
,307 
,288 
,265 
,230 
,230 

6:O 
63r1 
640 
6: 0 
660 
670 
680 
690 
700 

710 
120 
730 
740 
750 
760 
770 
780 
790 
800 

,093
.('a2
,083 
,076 
,079 

,097 
,074 
,042 

.,035 
,030 

,225 
,333 

,325 
,424 

,483
,605 
,592 
,485 
,617 
,520 
$ 4 9  
,427 
,374 
.355 

,597 
,634
,640 
,558 
,664
,576 
.578 
,512 
,480 
,428 

,190 
,156 
,125 
-111 
,109 
,163 
,372 
,550 
,757 

1,060 
1,239 
1,232 
1.043 
1,281
1,096 
1,077 
0,939 
0.854 
0.783 

~~ -

S- 17,291 
141 S=O ,422 

A-0,578 
TABLE 4 

LINDESI . CRIMEA RESERVATION. 
X u p s t  20,  1558, l2:OO-l2:C7, t = +280 C. bbservations by V.P.Bedenko 

330m.u 0,041 
340 ,040 
350 ,058 
360 ,019
37tJ ,049 
380 ,049 
390 ,050
400 ,050 

410 ,050 
4 20 ,050 
4 30 ,050 
410 ,049 

.~-

I 2 3 1 4 

4 
540 ,086 ,195 0,281 
550 ,094 ,202 ,296- 0.041 560 ,085 ,725 ,310- 0,040 570 ,083 .258 ,341- ,058- ,o 19 	 580 * 062 ,253 ,315 
590 ,OF2 ,230 ,292

0,049 	 ,098 600 ,063 ,223 ,280
,04Y ,098 
,038 ,088 610 ,058 ,214 ,272
,050 ,100 620 ,056 ,217 ,272 

,060 ,110 630 ,050 ,I88 ,238 

,U8G ,I36 640 ,047 ,172 ,219 

,090 ,130 650 ,049 ,166 .215 

660 ,044 ,122 ;isS 
,080 ,I29 

670 ,O13 ,108 ,I51 
450 ,050 ,098 ,148 
4 GO ,045 ,106 ,IS1 680 ,052 ,129 ,180 

470 ,044 ,096 ,140 690 ,067 ,187 ,254 
480 ,045 ,Iu6 ,151 700 ,116 ,308 ,424 

490 ,045 , 1 1 0  .I 55 
500 ,046 ,123 ,169 710 ,207 I599 0,806 

720 * 369 ,855 1,224 
730 ,472 ,855 1.327 

510 ,059 ,133 ,192 
740 ,855 ,855 1,710

520 ,071 ,176 ,247 
530 I ,084 ,202 ,286 	 750 ,855 ,855 1,710 

760 ,855 ,855 1.710 
770 * 605 ,855 1.460 

S= 17,145 
145s-0,381 

A=0.619
5 
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TABLE 5 

LINDEN. FOUR-ALPINl3 B T A N I C A L  GARDEN (KOLA PENIItSULA). 
July 30, 19%, 12:05-12:12, t = +2pC. Observations by V.P.Bedenko 

Si. 1 3 4 -
AI 1:. 4 560 

-
,242 ,338

570 ,227 1323 - 0,042 580 ,216 ,289 
- I043 590 ,200 ,270 
-	 -039 600 ,195 ,260. ~- ,040 

1,010 ,050 610 ,175 ,231
380 ; ,040 ,010 ,050 620 ,182 * 239 
390 I .038 .01 I ,049 630 .I37 ,187 
400 	 : ,040 ,030 ,070 640 ,121 ,161 

I 650 ,080 , I  I8 
410 ,040 ,040 ,080 660 ,152 

420 9 043 ,053 ,096 670 *E ,187 

430 ,045 ,055 ,100 680 :281 ,372 

440 ,046 S O 5 5  ,101 690 ,341 ,523

4SO ,044 ,057 ,101 700 ,310 ,542

460 ,014 ,063 ,107 

470 ,042 ,066 ,108 710 * 467 ,759

480 ,042 ,058 ,100 720 ,492 ,874

490 ,045 ,063 ,108 730 ,395 

8 739

500 ,017 ,077 ,124 740 ,342 ,686
750 ,374 ,667510 0,044 1,094 0.148 760 ,374 ,576
520 ,067 ,155 ,222 770 1293 

9 440530 ,083 ,274 ,357
540 ,098 ,249 ,347
550 * 102 ,235 I337 s = I I .752 

45 S= 0,261
A=0,739 

TABLE 6 

FILBERT CRIFEA RESERVATION 
August 20, 1958, 12:OO-12:07, t = +2@C, bbservations by V.F.Bedenko 

i. 

1 

330m,u I 
340 
350 0,052
360 ,024
370 ,030
380 ,030 
390 ,033
400 ,040 

410 ,040 
420 ,043
430 ,041
440 ,040 
450 ,042
460 ,038
470 ,039
480 ,041
490 ,042
500 ,043 

510 0,051
520 ,056
530 ,076
540 ,075
550 ,083
560 ,079 

- _.___ 

SA l 2  
4 570 ,073 ,170

580 ,053 ,153-  590 ,053-  600 ,054 : - 0.052 
- ,024 610 9 049 ,119 ,168

1.010 ,040 620 ,049 ,127 ,I76 
,010 ,040 630 ,046 ,114 .160 
,013 ,046 640 ,043 ,097 ,140
,020 ,Ofjo 650 ,042 ,080 ,122

660 * 037 ,060 t 097
,020 ,060 670 9 a38 ,051 ,089
,033 ,076 680 ,043 I068 ,112
,035 ,076 690 ,052 ,142 ,194
,037 ,077 700 ,085 ,243 ,328
,042

:% 
,084
,080 710 ,I53 ,664 0,817
,084 720 0 304 ,855 1,159

,047 ,088 730 ,520 ,855 1,375
* 052 ,094 740 ,855 ,855 1.710 
,068 , 111  750 ,855 855 1,710

760 ,855 855 1,7101,087 0,138 770 ,855 855 .1.710,117 * I73 
,161 ,237 
,163 ,238 S= 14,910* 172 255 1'45 s=o,331
.I70 :249 A =0,669 

6 
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TABU3 7 

F I L E R T O  POLAR-ALPINE EWI'ANICAL GARDEN (KOIA PENINSULA). 12 
July 30, 1958, 12:05-12:12, t = +2$Cc. Observations by V.P.Bedenko e 

-
A R, 1 -

1, 
.-
Jj0.W 0.036 - 0 ,O3G 580 0,098 0.155 0.249 
340 ,034 - ,034 590 ,080 ,140 1no 
350 ,033 - ,033 6On ,072 ,137 ,909 
360 IOJJ -- , O M  610 ,062 ,191 ,I83 
370 ,033 ,033 620 ,057 ,097 ,I54 
380 ,"33 - ,033 630 ,048 ,OG9 .I 17 
390 ,032 - ,052 650 ,088 ,051 ,089 
400 .OM ,033 650 ,0.'13 ,033 .%6 

420 
430 
440 
450 
460 
470 
480 
490 

,033 
,035 
,057 
,037 
037 

:035 
,032 

,009
.u10 
,036 
,020 
,020 
,021 
,020 

,042 
-05.5 
,073 
,057 
,057 
,056 
,052
.070 

670 
680 

,048 
,126 

,091 
,209
,279 
,290 
,370
,352
,lG8
3 2  

139 
3 1  
, 4 9 9  
,556
,699 
,726 
, 6 0 4
,503 

500 0.W 0.516 
510 
520 ,102 ,413 

330 
:40 

,135 ,343 

410 ,033 0.39. .w ai0 ,069 ,041 ,110 

-550 ,306 
5 -9.356:a 

570 3-64 I 
1/43 s-0.306 

A I0.791 

TABLE 8 

SOLENANTHUS STYLQSUS LIFSKY (A EOSETTE OF BROAD LEAVES HAVING A DULL 
DARK BLUISH-GREEN COLOR WAS REKIVED). EAS'l" PAMIRS, CHECHEKTY LAND-

YmK, I N  THE V I C I K I T Y  OF TtIE PAMIR BIOIOGICAL STATION. 
Height 3860 m above Sea Level, A u p t  23, 19Z,  16:40, t = lPC, 
Humidity about lo%, Completely Cloudless, Calm; Dark Blue Sky, 

Visibil i ty more than 50 km, Observations by A.P.Kutyreva. 

Am. 
- 

3 l O m  0.018 0,000 ' 0,018 6lOm 0,074 0.004
320 ,017 ,000 .017 G20 ,OG3 .W3
330 ,016 .OOO .016 650 ,M3 ,OOJ
340 ,014 .ooO ,014 6-40 ,068 ,004
350 .nis ,ow ,015 650 ,068 ,006
360 ,oon ,OCO .OOM 6GO .(I59 ,003
370 ,009 ,000 ,009 670 ,061 ,004
380 .01 I .boo $1 I 680 ,056 ,004
390 ,012 ,000 ,012 6" .OS8 ,005
400 ,011 .@IO ,011 700 ,0?8 .0Oh 
410 ,01 I ,000 . O l l  710 ,129 ,011 
4 1 u  ,025 .coo ,025 720 ,185 ,030
430 ,031 ,000 .OJ2 730 ,429 ,057
44b ,048 ,O:lO ,048 740 ,650 ,Om
450 ,047 .on0 ,047 750 ,700 ,127
4 GO ,000 ,000 ,060 770 ,788 ,142
4 70  ,069 ,000 ,or19 760 ,797 ,119
480 ' .OGY .uoo .0bY 780 ,ti:#!* ,04J
49lJ ,068 ,000 ,008 7Yo .G7U ,116
500 ,011 ,000 ,072 800 ,711 ,I6U
510 ,OM0 ,000 .OM0 810 ,754 ,171
510 ,015 ,602 ,078 820 ,790 ,185
530 ,070 ,006 .m 
540 ,086 , O M  ,091
550 .la ,006 ,112
560 ,116 .ow ,122
570 ..I21 .ws ,126
580 ,117 ,ou4 ,221
590 .IN ,001 ,1m
600 .w ,007 .WI  

7 

0.078 
. O S  
,C66 
,072 
,074 
.UG4 
,065 
* cm
,063 
.@H ,I 4 0  
,915 
,486 
,740 
,727
,930

,910
,699 
,794 
,871 
,931 
.975-

S- 10,738
1131 so 0.m 

A- 0,794 
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TABLE 9 Lp 
HCRSE SORREL (RUMEX CONFERTUS W. ) . CHIMBULAK LANDMARK, !~!OI?T�XEST~'t 

SLOPE OF THE Z A I L I Y S K I Y  ALATAU MOUNTAINS, HEIGHT 2980 m AB;)vE SEA 
LEVEL ( V I C I N I T Y  OF ALYA-ATA). 

The survey was Performed by V.P.Bedenko on July 2G-29, 1955 during 
t h e  Kidday Hours. Temperature Conditions during t h e  PhotoEraphic 
Period: 1. A i r  Temperature: Maximum 24.6' Mini" 7.6' ,Amplitude 
of Variation 17.8. 2. Temperature a t  S o i l  Surface: F h x i m u m  +44.C0, 
FTnin?um 7.80, Amplitude of Variation 56.20. Humidity 72$, Cloudless. 

I

I -
71 SA h 

390mp 0,020 0,oco 0,020 610mt 

400 ,040 ,000 ,040 670 ,094 ,033 

410 ,0:3s ,000 ,035 630 ,090 ,040 
4 20 ,031 ,000 ,0.3 I 640 ,040 ,W i  
430 ,030 ,000 ,030 650 ,020 ,026 
4 4 0  ,0,?0 ,000 ,030 660 ,020 ,026 
4 5 0  ,030 ,ouo ,on0 670 ,030 ,031 
460 ,c3n ,000 ,030 6kO ,039 ,032 
470 ,030 ,000 ,030 690 ,079 ,060 
480 ,Ot'l7 ,on0 ,037 7no ,168 ,300 
4 90 ,045 ,000 ,O l l i  710 ,290 ,359 
500 ,050 ,on0 .os0 720 2-10 ,4('0 
510 ,047 ,009 -056 730 .240 ,360 
520 ,042 ,017 ,059 740 ,240 ,360 
530 , ,040 ,025 ,065 750 ,230 ,360 
540 ,04R ,049 .097 760 ,230 ,360 
550 ,055 ,060 ,I15 
560 ,073 ,047 .120 
570 ,090 ,031 ,121 
580 ,093 ,028 ,121 
590 ,093 ,027 
600 ,092 ,024 

l u  5, 

IO 


a6 

0 ,  1' IR 
,I27 
,130 
.OiS 
.046 
,0.16 
,0t11 
,071 
,1.39 
,468 
.57a 
,640 
,600 
,613 
,590 
,590 

S = 6.278 
1/38	S - 0,165 

A = 0,835 

P 
Fig.1 Tea Shrub (Gbservations by Fig.2 Cabbage (Observations bp 

V. P. Redenko) V. P .Bedenko ) 
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Fig.3 Fotatoes (bbservations by Fig.4 Linden. Crimea Reservation 
V. P. Bedenko) (bbservations by V.P.Bedenko) 

Fig.5 Linden. Polar-Alpine Botanical. Fig.6 F i l b e r t .  Crimea Reservation 
Garden (Cbservations by V.P.Bedenko) (bbservations by V.P.Bedenko) 

a? 
YD iooa, 

Fig.7 F i l b e r t .  Polar-Alpine Botanical Fig.8 Solenanthus (1). Data by 
Garden (Observations by V.P.Bedenko) A.P.Kutyreva. Horse S o r r e l  (2). 

Data by V.P.Bedenko 
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REGULARITIES I N  TEE OFTICAL FROPERTIFS OF LEAVES A h !  /11
FETALS OF I R I S  OF DIFFERENT COLORS 

V.S .Sokolova 

1. Introduction 

I t ' i s  known t h a t  t h e  co lor  of a flower is  produced by t h e  presence of soKe 
pigment i n  t h e  c e l l  sap. Such pigments include: a )  anthocyanins - blue, v i o l e t ,  
red and b)  flavones - yellow. 

Investigations of t h e  chemical composition of t h e  c e l l  sap  have shown t h a t  
anthocyanins i n  t h e  c e l l s  are usual ly  formed on a n  excess of sugar and a t  a low 
t e q e r a t u r e  and a l s o  on ac id  reac t ion  of t h e  c e l l  sap. Anthocyanins and 
flavones, under s u i t a b l e  conditions, are interdependent. For example, under t h e  
e f f e c t  of l i g h t  t h e  oxygen-rich flavones a r e  reduced t o  anthocyanins (Bibl.1, 
2, 6 ) .  

A t  present,  considerable emphasis i s  placed on a n  invest igat ion of t he  r o l e  
of anthocyanins i n  photochemical reactions of p lan ts .  No doubt, an investiga
t i o n  of t h e  o p t i c a l  p roper t ies  of anthocyanins, flavones, and chlorophyll w i l l  
help t o  def ine t h e  ro l e  of anthocyanins i n  t h e  metabolism and, fur themore ,  re
veal t he  correlat ion between anthocyanins and chlorophyll. 

Laboratory invest igat ions have denonstrated t h a t  t h e  absorption spectra of 
anthocyanins have higher values i n  the  wavelength region from 2GC t o  6GC m+, 
with t h e  m a x i r r u m  depending on t h e i r  color. 

Up t o  650 mw, t h e  red pigments f u l l y  t ransmit  red rays,  i n  t he  orange 
region they transmit lG%, while i n  the  yellow region the  absorption increases,  
reaching a rraxirrun-1 i n  the  green region a t  550 mrL. I n  t h e  blue region, t he  ab
sorpt ion drops off mrkedly:  yellow flowers have t h e i r  absorption rraximm i n  t h e  
blue region. 

Investigations of t h e  o p t i c a l  properties of  flowers under na tu ra l  conditions 
have confirmed t h i s  r egu la r i ty .  Nevertheless, laboratory results cannot be en
t i r e l y  re l iable  with respec t  t o  t h e  quan t i t a t ive  aspect  of s p e c t r a l  r e f l ec t ion  
and transn-Lssion. Spec t r a l  r e f l e c t i o n  and transKission of l i g h t  by plants  under 
na tu ra l  conditions, as w i l l  be shown below, i s  a function of m n y  fac to r s ,  whose 
r a i n  variab1.e is  t h e  environment - a i r  temperature, humidity, e t c .  

2. Working Fethod 

The investigated ob jec t s  were recorded by a quar tz  spectrograph with a se t  
of attachments. The attachments w e r e  needed f o r  spectrographic ana lys i s  of the  
objec ts ,  both i n  r e f l ec t ed  and i n  t r a n s d t t e d  l i g h t ,  and f o r  obtaining t h e  /12
cha rac t e r i s t i c  i n d i c a t r i x  i n  these  rays.  To determine t h e  coef f ic ien t  of re
f l e c t i o n  and transri-ission of l i g h t ,  t h e  investigated obj e c t  was spectrophoto
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graphed i n  re f lec ted  and transmitted rays by means of a n  attachment consisting 
of t w o  small m e t a l  tubes welded together  a t  a n  angle  of 4 9 .  The dimensions 
were se lec ted  by calculat ing t h e  s o l i d  angles of t h e  diaphragms of t h e  spectro
praph so t h a t  t h e  e n t i r e  s o l i d  angle w a s  f i l l e d  by t h e  l i g h t  emitted by t h e  in
vestigated object.  The welded tubes formed a n  attachment with th ree  openings. 
A wide r i n g  with a glued-on velvet piece w a s  at tached t o  t h e  opening, formed by 
welding t h e  two tubes. To t h i s  t h e  tes t  spc imen was t i g h t l y  superposed on the  
velvet wedge and covered, a t  t h e  opposite s ide ,  by a d i sk  of black paper; t h i s  
assembly w a s  then fastened by spec ia l  clamps. 

After spectrog-raphing, t h e  objec t  w a s  removed and replaced by p l a s t e r  of 
P a r i s ,  enclosed i n  a spec ia l  round holder. The o the r  two openings of t h e  a t 
tachment had a d i f f e r e n t  function. bne of then, w a s  used f o r  s e t t i n g  t h e  attach
ment on t h e  s l i t  of t he  spectrograph collimator and the  o t h e r  was aimed a t  the  
sun. These o r i f i c e s  could be interchanged, depending on t h e  angle t o  the  inci
dent s o l a r  raps a t  which t h e  specimen w a s  t o  be placed: normal., o r  a t  a n  angle 
of l & .  The d i sk  of black paper w a s  removed from t h e  objec t  when spectrograph
inB i n  t ransrr i t ted l i g h t ,  and t h e  specimen, together  with t h e  tube, w a s  aimed 
direct ' ly a t  the  sun. With t h i s  arrangement, t h e  o the r  two o r i f i c e s  w e r e  re
versed; t h e  aperture  t h a t  had been aimed a t  t h e  sun w a s  placed on t h e  s l i t ,  and 
the  o the r  w a s  covered with a black cap t o  exclude extraneous l i g h t .  Aiming of 
t h e  aper ture  w i t h  t h e  t e s t  specimen toward the  sun w a s  monitored by a scanner 
or by Frojection of the  s l i t  screw onto a recording drum with diaphragms. 

To obtain the  c h a r a c t e r i s t i c  i nd ica t r ix ,  t h e  spectra of r e f l ec t ed  and 
t ransrr i t ted rays were recorded by spec ia l  attachments, a de t a i l ed  description 
o f  which w a s  given i n  the  Vo1.VII of t h e  Transactions of t he  Astrobotany Sector 
(Eibl.3). It should be r eca l l ed  that, t o  obtain t h e  c h a r a c t e r i s t i c  i n d i c a t r i x  
of r e f l ec t ed  r a p ,  an attachment i n  the  form of a small cylinder 6 cm i n  dia
rreter w i t h  an average height of 5 cm was used. The upper part of t h e  cylinder 
w a s  truncated a t  an angle of 4 9  t o  t h e  base. The cut  area was used as working 
platform on which the specimen w a s  placed. By means of a spec ia l  small rod, 
t h i s  attachment was screwed t o  t h e  coll irrator of t he  spectrograph, t he  center of 
the  cut  a r ea  and the  s l i t  being on t h e  op t i ca l  axis of t h e  col l i r ra tor .  A small 
cylinder i n  the  stand Fade it possible t o  t u r n  t h e  device through any angle t o  
t h e  inc ident  l i g h t .  The angle  of t u r n  i s  recorded on a d i a l  mounted t o  t h e  s ide  
of t h e  support. 

The specimen is  placed on t h e  working platform of t h e  cylinder and is  at
tached by spec ia l  clarr,ps, a f t e r  which the  small cylinder with t h e  objec t  i s  
ro ta ted  normal t o  the  incident  l i g h t .  The small cylinder i s  turned by means of 
a spec ia l  sunseeker placed on t h e  s i d e  of the  working platform. 

The c h a r a c t e r i s t i c  i n d i c a t r i x  i n  r e f l ec t ed  r ad ia t ion  was invest igated i n  a 
plane close t o  t h e  plane of t h e  inc ident  l i g h t ;  t h e  angle between these  planes 
w a s  1.p. This angle can be obtained experimentally only by means of an inverted 
spectrograph. 

To obtain t h e  c h a r a c t e r i s t i c  i n d i c a t r i x  of t h e  transmitted rays,  a n  accordi
on-type attachment w a s  used (Bibl.3), one s i d e  of which was hermetically screwed 
t o  t h e  col l i r ra tor  of t h e  spectrograph while t h e  specimen was inse r t ed  on t h e  
o the r  s i d e ,  by means of a s p e c i a l  frame. The frame with t h e  specimen m u s t  be 
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perpendicular t o  t h e  inc ident  l i g h t ,  when i n  working posit ion.  The s l i t  of t h e  
c o l l i m t o r ,  together  with t h e  spectrograph, i s  turned a t  any angle t o  t h e  normal 
of the  leaf. Sighting on t h e  sun and turning of t h e  coll imator t o  t h e  necessary 
angle are accomplished by a sunseeker and d i a l ,  mounted above the  attachment. /13
The l a t t e r  makes it possible t o  inves t iga te  t h e  i n d i c a t r i x  of t r a n s n i t t e d  rays 
i n  t h e  plane of t h e  inc ident  l i g h t .  

The energy flux of r e f l ec t ed  and t r a n s n i t t e d  rays is expressed i n  tem5 of 
the  energy f l u x  re f lec ted  from t h e  plaster-of-Paris screen, which subsequently 
is  reduced t o  baryta. The plaster-of-Paris screen i s  spectrographed under the  
same conditions as t h e  specimen, i .e. ,  with t h e  same exposure and s l i t  width. 
The s l i t  width was 0.02 mm. Pan-infra photographic p l a t e s  with t h e  smallest 
in t e rva l  i n  t h e  green region were used. In  t h i s  case pan-infra p l a t e s  with 
1056 emulsion, s e n s i t i v e  t o  760 m p  proved t o  have t h e  highest transmittance. 
The negatives were photometered on a KF-4 recording'microphotometer. To deter
mine t h e  r e f l e c t i o n  and transmission coe f f i c i en t s ,  each s p e c t m .  was measured 
a t  no less than' 32 wavelengths, and t o  p lo t  t h e  i n d i c a t r i x  t h e  rrinimum w a s  
7 - 8 wavelengths. When determining t h e  albedo of t h e  re f lec ted  and t ransrr i t ted 
l i g h t  it w a s  first assumed t h a t  t h e  specimen represented an idea l  ground-glass 
d i f f u s e r  with ind ica t r i ce s  of a spher ica l  shape. This assmpt ion  reduced the  
determination of t h e  albedo of d i f fuse ly  re f lec ted  and transmitted rays t o  
s inp le  ca lcu la t ions ,  nanely, t o  a mult ipl icat ion of t h e  brightness coe f f i c i en t  
of t he  d i f fuse ly  re f lec ted  and t ransrr i t ted raps k' and k" by t h e  brightness co
e f f i c i e n t  of baryta k. The values of k' and k" were d e t e m h e d  by t h e  usual 
method of re la t ive spectrophotometry, with a s u f f i c i e n t l y  high accuracy (see 
Bibl.4). The brightness coe f f i c i en t  of baryta k w a s  deterniined under laboratory 
conditions and, f o r  a l l  subsequent inves t iga t ions  , was kept constant. 

Actually, t h e  specimens general ly  were not i d e a l l y  d u l l  sur faces ,  so  t h a t  
t h e i r  i nd ica t r i ce s  were not sphe r i ca l  (4:5) .  Therefore, it was necessary t o  
introduce i n t o  t h e  r e f l ec t ion  and transmission coe f f i c i en t s  a correction coeffi
c ien t ,  i.e., t h e  coef f ic ien t  ko of t he  deviat ion of t h e  given i n d i c a t r i x  from a 
spher ica l  shape. This coe f f i c i en t  was mathematically determined as the  quotient 
of t h e  d iv i s ion  of t he  numerical value of t h e  real i n d i c a t r i x  by the  numerical 
value of t h e  spher ica l  i nd ica t r ix ,  t h e  radius of t h e  spher ica l  i n d i c a t r i x  = k' 
or k" i n  t h e  d i r ec t ion  toward 0 " .  

To eliminate a n  e r r o r  i n  calculat ing t h e  correct ion coef f ic ien t  kTI,  it had 
t o  be determined with a higher accuracy than t h e  albedo. For example, i f  t h e  
albedo A was calculated with a n  accuracy up t o  t h e  second s ign i f i can t  f i gu re ,  
i.e., t o  0.01, then ko had t o  be calculated with a n  accuracy t o  t h e  t h i r d  s ign i 
f i c a n t  f i gu re ,  namely, C.OC1. Consequently, one had t o  know beforehand i n t o  
w h a t  number of elementary figures t h e  s p t i a l  i n d i c a t r i x  had t o  be divided so 
t h a t  t h i s  difference d id  not exceed t h e  required accuracy. The number of ele
mentary figures was determined by means of a control sphere. It was found t h a t  
t h i s  sphere had t o  be divided i n t o  truncated cones whose generatr ix  would be a 
s t r a i g h t  l i n e  and correspond t o  2". 

The sphere was  divided i n t o  degrees a t  t h e  p i n t  of tangency of t he  sphere 
with t h e  plane. Truncated cones were constructed through t h e  p i n t s  of i n t e r 
sec t ion  of t h e  sphere with t h e  planes drawn through t h e  p i n t  of tangency and 
every 9 from t h e  n o m l .  t o  t h e  tangent plane, and segments w e r e  p lo t ted  a t  t h e  
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point of tangency of t h e  sphere w i t 1 1  t h e  plane and a t  t h e  opposite point. Then, 
t h e  value of k' was taken as t h e  dis tance from the  p i n t  of tangency t o  t h e  
middle of t h e  generatr ix  of ' the corresponding cone. The angle E was read f r o m  
t h e  noma1 t o  the  tangent plane. The so l id  angle dw was determined as t h e  quo
t i e n t  of the  d iv i s ion  of t he  area of the  la teral  sur face  of t he  truncated & 

2rirl + 2rrr2 
cone 2 ds  = rrrds, where r l ,  r 2  are t h e  r a d i i  of t h e  base of t h e  

truncated cone, r = r1 + r2, by the  square of t h e  dis tance p from t h e  point of 
tangency t o  t h e  middle of t h e  generatrix.  I n  t h i s  case, k' = o.  Then, dw was 
multiplied successively by k' cos E .  The r e s u l t a n t  values were added. The d i f 
ference was Zk' cos SAW - :k' cos cdw = 0.004, where E i s  t h e  angle between the  
normal of t he  area of t h e  zpecimen and t h e  d i r e c t i o n  of t h e  l i g h t  f l ux  passing 
from it i n t o  t h e  collimator of t h e  spectrograph; du, is  t h e  s o l i d  angle. 

This difference i s  neg l ig ib l e  within the  limits of t h e  required accuracy. 
Consequently, when calculat ing t h e  correction coe f f i c i en t ,  t h e  given spatial 
i n d i c a t r i x  should be divided i n t o  t h e  same number of elementary f i g u r e s  as the  
control sphere, i .e . ,  i n t o  45. Then, t h e  obtained sum should be divided by the  
value k k' . The r e su l t an t  correction coef f ic ien ts  are multipiied by t h e  
brightness coe f f i c i en t  of t h e  d i f f u s e l y  re f lec ted  and transmitted rays. When 
p lo t t i ng  t h e  s p a t i a l  i n d i c a t r i c e s  it w a s  assumed t h a t ,  i n  o the r  planes, t he  in
d ica t r i ce s  behave i n  a corresponding manner, i . e . ,  i n  such a mnner  t h a t  t he  
s p a t i a l  i n d i c a t r i x  becomes a symmetrical f igure .  

3. Results 

The specimens used w e r e  irises of various spec ies ,  grown i n  the  Botanical 
Garden of t h e  Kazakh Academy of Sciences, Yakutsk, and Zhigansk. The blossom 
of t h e  iris was represented by d i f f e r e n t  coI.ors : u l t r a v i o l e t ,  blue,  azure,  
yellow, red,  and inf ra red .  The pe ta l s  of t he  flower and t h e  first leaf from the 
flower were spectrographed both i n  re f lec ted  and i n  transmitted rays. 

The i r i s  i n  Yakutsk and Zhigansk was spectrographed i n  1957 by Z.S.F'arshina 
who was t h e r e  on a n  expedition. The i r is  i n t h e h t a n i c a l  Garden of t h e  Kazakh 
Academy of Sciences was spectrographed by us i n  June 1958. Irises of only one 
color ,  blue, were found i n  Zhigansk and Yakutsk and irises with colors of t h e  
e n t i r e  v i s i b l e  region of t h e  spectrum were i n  the  Botanical Garden of t h e  Kazakh 
Academy of Sciences. Simultaneously with spectrographing, we determined t h e  
re la t ive humidity by means of an a s p i r a t i o n  psychrometer, WST 6353-52. I n  a l l ,  
we obtained 38 negatives with a n  average of 23 spectra on each; of these,  13 
negatives were f o r  determining t h e  r e f l e c t i o n  and transmission coef f ic ien ts  of 
l i g h t  and 25 f o r  determining t h e  i n d i c a t r i c e s  of d i f f u s e l y  r e f l ec t ed  and trans
mitted rays. 

For each objec t  we p lo t ted  t h e  i n d i c a t r i c e s  i n  7 - 8 wavelengths, both f o r  
d i f f u s e l y  r e f l ec t ed  and transmitted l i g h t .  

To determine t h e  brightness coe f f i c i en t ,  we f irst  made t h e  assumption t h a t  
t h e  sur face  of a l l  specimens was abso lu te ly  d u l l  and had a spher ica l  indicatrix;  



t h i s  reduced the  ca lcu la t ion  of the  r e f l ec t ion  and t ransaiss ion coe f f i c i en t ,  as 
already indicated,  t o  a very simple process. 

N e x t ,  t h e  ind ica t r i ce s  were investigated.  For t h i s  purpose, a l l  plotted 
ind ica t r i ce s  were divided i n t o  groups: 1) Spherical;  2 )  those extended i n  &n 
equator ia l  d i r ec t ion ;  3 )  those extended i n  a Folar d i r ec t ion ;  4 )  interrredizte.  

We determined t h e  correction coef f ic ien t  f o r  each group. 

A spher ica l  i n d i c a t r i x  i s  exhibited by: 

a) Leaf of blue iris i n  re f lec ted  l i g h t  f o r  h = 358; 377; 427; 475; 57C; 
642 mp. 

b) Flower of dark-red ir is  i n  re f lec ted  l i g h t  a t  X = 358; L27; 6L2: 72C;
738 mpand f o r  t r ansn i t t ed  rays a t  A = 377; 475; 758 m p .  

c) Flower of blue iris i n  re f lec ted  l i g h t  a t  A = 358; 377; 57C: 6L2 x r ~  
and f o r  transmitted l i g h t  a t  A = 358; 377; 427; 47’5; 570: and 6 ~ 2n:CL

d )  Flower of yellow iris i n  transmitted l i g h t  a t  h = 358; 577; 72C PLL. 

e) Flower of azure iris a t  A = 570; 642 mp. 

Fig.1 Attachment f o r  Determining Brightness 
Coefficient of Specimen 

a - Object; b - I n  transmitted rays; c - I n  r e f l ec t ed  rays 

Ind ica t r i ce s  c lose t o  spher ica l  with correct ion coef f ic ien t  ko = 1.167 
were exhibited by: 

a )  Flower of blue iris i n  re f lec ted  l i g h t  a t  h = 475; 720 mp. 

b) Flower of yellow i r is  i n  re f lec ted  l i g h t  a t  h = 358; 377; 57C m. 
Y 


c )  Flower of red iris i n  reflected l i g h t  a t  A = 358; 377; L27; 475; 570;
642 m4.. 

d )  Flower of white iris i n  reflected l i g h t  a t  A = 358; 377; L75; 570; 642;
720 mp. 



e )  Leaf of red iris i n  re f lec ted  l i g h t  a t  A = 358; 377; L27; L75 mp. In  
transmitted l i g h t  a t  h = 720; 738 mt-. 

f )  Leaf of yellow iris i n  re f lec ted  l i g h t  a t  h = 358;  377; 427; 475; and 
57C mv. I n  t ransni t ted  l i g h t  a t  A = 738 mv. 

g )  Leaf of white iris i n  re f lec ted  l i g h t  a t  A = 358; 427; 720 mi*. 

Indica t r ices  extended i n  a polar  d i rec t ion :  

a )  With correction coef f ic ien t  ko = 0.785 w e r e  exhibited by flower of red 
ir is  i n  transrrktted l i g h t  a t  h = 358; 377; 427; 738 and flower of white ir is  a t  
h = 427; 642 mp. 

b) With correction coef f ic ien t  ko  = 0.830, by flower of azure iris i n  
transmitted l i g h t  a t  A = 427; 475; 720; 738 mp. 

Fig.la Indica t r ices  

1 - Extended i n  polar  d i r ec t ion ;  2 - Extended i n  


equator ia l  d i r ec t ion  


Indica t r ices  extended i n  an equator ia l  d i rec t ion  : 

a )  With correction coef f ic ien t  k o  = 1.203 were exhibited by flower of 
yellow iris i n  re f lec ted  l i g h t  a t  A = 427; 475 mp. 

b)  With correct ion coef f ic ien t  ko = 1.294, by flower of yellow iris in re
f l ec t ed  l i g h t  a t  X = 642; 720 and by flower of white iris i n  re f lec ted  l i g h t  a t  
A = 4-27; 428; b75; and 642 mb. 

c)  With correct ion coef f ic ien t  ko = 1.318, by l e a f  of dark-red iris in 
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transmitted l i g h t  a t  h = 358; 377; 4-27'; 570; and 642 mcL. A s  a typ ica l  example, 
we a r e  giving two cha rac t e r i s t i c  indLcatrices:  1) extended i n  a polar  d i r ec t ion  
and 2) i n  an  equator ia l  d i r e c t i o n  (Fig.la).  Af te r  determining the  correct ion 
coef f ic ien ts ,  a l l  the  obtained br ightness  coe f f i c i en t s  of t he  objec t  i n  re- /16
f l ec t ed  and transmitted l i g h t  were corrected e Certain p lan ts  were spectro
graphed twice under d i f f e r e n t  conditions. All flowers were divided i n t o  groups 
based on t h e i r  color:  dark-blue, blue, azure,  yellow, red,  dark-red, and white. 
We will analyze each group separately:  

1. Dark-blue ir is  ( I r i s  hybrid . h o d . ,  variety unknown) (Fig.2). A i r  tem
perature t = +22.OWCwith r e l a t i v e  humidity of 55%, time of photographing the  
petal 17:25 - 17:50, of t he  l e a f  17:58 - 17:03 (June 1, 1956). 

Fig.2 Curves of Spec t ra l  Brightness k of Dark-Red Iris 
1 - Peta l  i n  re f lec ted  l i g h t ;  2 - Petal  i n  t r a n s n i t t e d  l i g h t ;

3 - Leaf i n  re f lec ted  l i g h t ;  4 - Leaf i n  t ransmit ted l i g h t  

The spec t r a l  br ightness  curves of t h e  petal i n  r e f l ec t ed  and t r ansn i t t ed  
l i g h t  have two maxima and two minima. 

Pe ta l-

l~hxim.: a)  from &.OO t o  500 mp,with a highest  value of 18 and 5%; b) from 

720 t o  800 mv, 78 and 70%. 

Minirra: a)  from 320 t o  400 mp, with a lowest value of 0 and 2%. 

The spec t r a l  br ightness  curves of the.,petzil. i n  r e f l ec t ed  and transmitted 
l i g h t  have two maxim and two minima. 

I. 


VaXima: a )  from 500 t o  600 m p ,  with a highest  value of 5 and 15%: b) from 
800 t o  -850 mp, 60 and 58%. 

Minima: a) from 320 t o  570 mb, with a lowest value of 0 and 3%;b)  from 
660 t o  725 mp, 2 and 3%. 
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2. Blue iris ( I r i s  s i b i r i c a  L., "Perry's Blue") (Fig.3). Spectrographed a t  
Alm-lita a t  the  Botanical Garden of t h e  Kazakh Academy of Sciences. A i r  tem
perature  t = +19.!? C;  relative humidity 54%; time of photographing t h e  p e t a l  and 
leaf  11:OO - 11:20 (June 12, 1958). 
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Fig.3 Curves of Spec t ra l  Brightness k of Blue Iris 
1 - Peta l  i n  re f lec ted  l i g h t ;  2 - Peta l  i n  transmitted l i g h t ;

3 - Leaf i n  re f lec ted  l i g h t ;  4 - Leaf i n  transmitted l i g h t  

The s p e c t r a l  br ightness  CUI'VGS of the  pe t a l  i n  re f lec ted  and t ransmit ted 
l i g h t  have t w o  naXinaa -.ad two minima. 

Pe ta l  

braxima: a )  from 390 t o  510 mp,  with a highest  value of 20 and 64%;b) f r o m  
700 mw and beyond, 36 and 73%. 

bfYinirra:  a )  up t o  380 mp, with a lowest value of 0 and 8%;b) from 660 t o  
720 miL, 3 and 8%. 

Leaf-

&"a: a )  from 530 t o  570 m p y  with a highest value of 25 and 30%; b) from 

700 t o  730 mCL, 1~5%. 

Minira: a )  from 330 t o  4.00 m p ,  with a lowest value of 0 and 5% and b) from 
650 t o  720 m p y  3 and &%. 

3. Blue iris ( I r i s  hybrid. sibirica,  va r i e ty  unknown) (Fig.&). Spectro
graphed a t  Yakutsk. A i r  temperature t = +31.pC, r e l a t i v e  humidity a$,time 
of photographing 14:OO - &:59 ( Ju ly  5, 1.957). 

Pe ta l  /18 
ph-: a)  from 410 t o  480 mp, with a highest  value of 30 and 5C%; b)  from 

660 t o  720 m p  , 84 and 48%. 

&ima: a)  f r o m .  500 t o  530 m p  , with a lowest value of 12 and 13%. 

17 
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Fig.4 Curves of Spec t ra l  Brightness k of Blue Iris (Pakutsk)
1 - Petal i n  re f lec ted  l i g h t ;  2 - Pe ta l  in transmit ted l i g h t ;

3 - Leaf i n  re f lec ted  l i g h t ;  4 - Leaf i n  transmitted l i g h t  

Leaf-
Maxima: a )  from 510 t o  64.0 mp, with a highest  value of 23 and 25%; 

b) from 680 t o  720 mp , 4.2 and 60%. 

Minima: a) f r o m  400 t o  500 mw, with a lowest value of 0 and 11%; b) f r o m  
640 t o  680 mp, 8 and 13%. 

"*I600 K' A 

4 .  500 600 700 

Fig.5 Curves of Spec t ra l  Brightness k of Blue Iris (Zhigansk) 
1- Petal i n  re f lec ted  l i g h t ;  2 - Peta l  i n  t ransmit ted l i g h t ;

3 - Leaf i n  ref lected l i g h t ;  4 - Leaf i n  t ransmit ted l i g h t  

4. Blue iris ( I r i s  hybrid. s i b i r i c a ,  va r i e ty  unknown) (Fig. 5 ) .  Spectro
graphed i n  Zhigansk. A i r  temperature t = + 1 8 . $ C ,  t ime of photographing 
16:OO - 16:27, Ju ly  28, 1957. 

The spec t ra l  brightness curves of t h e  pe ta l  i n  re f lec ted  and t ransni t ted  
l i g h t  have two maxim3 and two minim and of t he  leaf,  t h ree  maxim and two 
minima. 

18 



Peta l  /19 
bkxima:  a)  from 4.10 t o  500 mp, with a highest  value Of 22 and 24%; b) from 

650 t o  720 m p ,  28 and 52%. 

IBnima: a )  f r o m  680 t o  560 mp, with a lowest value of 0 and 3%; b) f r o m  
710 t o  56G my,, 25%. 

Leaf-
Maxima: a )  from @O t o  $0 m p  , with a highest value of 76 and 25%; 

b)  f r o m  660 t o  72C m p ,  52 and 28%. 

Minim: a )  from 4OC t o  470 np, with a lowest value of 0 and 3%; b)  from 
64C t o  660 mw , 2 and 6%. 

1600 

I 
I 
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Fig.6 Curves of Spec t ra l  Brightness k of Azure Iris 
1 - Fe ta l  i n  r e f l ec t ed  l i g h t ;  2 - Petal  i n  t ransmit ted l i g h t ;

3 - Leaf i n  r e f l ec t ed  l i g h t ;  4 - Leaf i n  t ransmit ted l i g h t  

5. Azure Iris (Iris hybrid., v a r i e t y  "Darwin'r) (Fig.6) Spectrographed a t  
the  Botanical Gardoens of t h e  Kazakh Academy of Sciences, A l m a - A t a .  A i r  tem
perature t = +21.0 C ,  relative humidity 55.0$, time of photographing w a s  
l 8 : 3 O  - 18: 50 f o r  t he  pe t a l  and 18:50 - 18:58 f o r  t he  leaf, June 1, 1958. The 
curves of t h e  s p e c t r a l  br ightness  of t he  p e t a l  i n  re f lec ted  and t ransmit ted 
l i g h t  have two m a ~ m aand two minima. 

The s p e c t r a l  br ightness  curves of t he  leaf i n  r e f l ec t ed  and t ransmit ted 
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l i g h t  have two mxima and two n h d .  

P e t a l-

Maxima,: a )  f r o m  490 t o  520 m v ,  with a highest  value of 110 and 45%; 

b) from 73C t o  860 m p ,  170 and 50%. 

YLnima: a)  from 330 t o  380 m v ,  with a lowest value of 3 and e$; b) frorr. 
610 t n  66C mp, 12 and 60%. /2c 

Leaf-

Paxima: a)  f r o m  540 t o  570 m p ,  w i t h  a highest  value of 30 and 8%;b) from 

760 t o  830 m v  , 50 and 30%. 

J r A i p a :  a )  f r o m  340 t o  4.00 m p ,  w i t h  a lowest value of 0 and 9%; b) from 
660 t o  720 mw, 6 and 3%. 

400 500 600 

Fig.? Curves of Spec t ra l  Brightness k of Yellow Iris 
1 - Petal i n  re f lec ted  l i g h t ;  2 - Petal  i n  transmitted l i g h t ;
3 - Leaf i n  re f lec ted  l i g h t ;  4 - L,eaf  i n  t ransmit ted l i g h t  

6. Yellow iris (Iris pseudoacorus L.) (Fig.7). A i r  temperature t = 
= +20.#C, r e l a t i v e  humidity 58$, time of photographing 1 2 : l O  - 12:30 f o r  t h e  
pe t a l  and 12:39 - 12:45 f o r  the  l ea f ,  June 1, 1958, Botanical Garden, A l m a - A t a .  

The spec t r a l  brightness curves of the pe ta l  i n  re f lec ted  and transmitted 
l i g h t  have three  raxima and two minim. 

The spec t r a l  brightness curves of the  leaf  i n  r e f l ec t ed  and transmitted 
l i g h t  have two ma- and two minima. 
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P e t a l  

M a x i m :  a )  f r o m  32G t o  37G m p ,  with a highest  value of 10 and 55%; 
b)  from 5X, t o  640 m p ,  98 and 53%; c )  from 720 t o  760 m p ,  38 and 50%

8 f i n i . 1 ~ :  a )  from 360 t o  520 m p ,  with a lowest value of 2 and 8%;b) from 
630 t o  730 m p ,  27 and 30%. 

Leaf-

M a x i m :  a )  from 54.0 t o  620 m p ,  with a highest  value of 53 and 12%; 

b )  from 72C t o  760 mb, 130 and 82%. 

YAnima: a )  from 360 t o  480 m p ,  with a lowest value of 0 and 4%;b)  from 
68C t o  720 m p ,  2 and 37. 

KA 

Fig.8 Curves of Spec t r a l  Brightness k of Yellow Iris 
1 - Peta l  i n  re f lec ted  l i g h t ;  2 - Petal  i n  t ransmit ted l i g h t ;

3 - Leaf i n  re f lec ted  l i g h t ;  4 - Leaf i n  transmitted l i g h t  

7. Yellow ir is  (Iris pseudoacorus Lo) (Fig.8). A i r  temperature t = +17.PC, 
r e l a t i v e  humidity 64$, time of photographing 08:40 - 09:15 f o r  t he  p e t a l  and /21
C5:L3 - G9:53 f o r  t he  leaf,  June 12, 1958. The spec t r a l  brightness curves of 
t he  pe ta l  and l ea f  i n  re f lec ted  and transmitted l i g h t  have two maxima and two 
minim. 

Pe ta l  

Yax ima :  a )  from 550 t o  640 m p ,  with a highest  value of 35 and 30%; 
b )  a t  760 m p ,  55%-

Minima: a )  from 330 t o  500 mp, with a lowest value of 1 and 3%; b) from 
660 t o  720 m p ,  with a smallest value of 28 and 31%. 

Leaf-
Maxim: a )  from 500 t o  630 mp, with a highest  value of l.4and 4%; b) f r o m  

630 t o  720 m p ,  0 and 5%. 

&En-: a) f r o m - 5 0 0  t o  640 m p ,  with a lowest value of 14.and 3%; b) a t  
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750 m p ,  40 and 57%. 

8. Red ir is  ( I r i s  hybrid.hort.L.) (Fig.9). A i r  temperature t = +2OoC, /22 
r e l a t i v e  humidity 63%. Time of photographing t h e  p e t a l  13:13 - 13:30, June 1, 
1958. 
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Fig.9 Curves of Spectral  Brightness k of Red Iris 

1 - Peta l  i n  re f lec ted  l i g h t ;  2 - Peta l  i n  t r a n s r i t t e d  l i g h t ; 

3 - Leaf i n  re f lec ted  l i g h t ;  4 - Leaf i n  t ransmit ted l i g h t  


The spec t r a l  br ightness  curves of t he  pe t a l  and leaf i n  re f lec ted  and 
transmitted l i g h t  have two maxima and two minima. 

Pe ta l-

)laxima: a)  from 350 t o  470 mp, w i t h  a highest  value of  28 and 4%; 

b) from 630 t o  740 m p  , 113 and 74%. 

Minim: a) from 480 t o  620 mp, with a lowest value of 1 and 7%; b) a t  
750 mk , 30 and 50%. 

Leaf-

Maxim: a )  from 520 t o  620 mp, with a highest m l u e  of 13 and 7%; 

b) from 720 t o  766 mv, 50 and 56%. 

Ein im:  a )  from 320 t o  500 mp, with a lowest value of 0 and 5%; b) from 
610 t o  720 m p ,  1and 5%. 

9. Dark-red i r b  (Iris hybrid. arabasador) (Fig.10). A i r  temperature t = 
= +23.OoC, relative humidity 53.5%, time of photographing 16:25 - 16:4O f o r  t h e  
petal  and 16 :45 - 16:55 f o r  the  l e a f ,  June 1, 1958. 

The spec t ra l  brightness curves of t he  pe t a l  i n  r e f l ec t ed  and transmitted 
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Fig.10 Curves of Spec t r a l  Brightness k of Dark-Red Iris 
1 - Peta l  i n  re f lec ted  l i g h t ;  2 - Pe ta l  in transmitted l i g h t ;
3 - Leaf i n  r e f l ec t ed  l i g h t ;  4 - Leaf i n  transmitted l i g h t  

l i g h t  have one rraximum and one minimum. The curves of t h e  leaf have two maxima 
and t w o  rrinirra. 

Fe t a l-
Yaxim: a )  from 720 t o  760 m k ,  with a highest value of 50%. 

biinima: a )  from 330 t o  720 m u ,  with a lowest value of 1and 2%. 
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Fig.11 Curves of Spec t r a l  Brightness k of White Iris 
1 - Pe ta l  i n  r e f l ec t ed  l i g h t ;  2 - Pe ta l  i n  transmitted l i g h t ;
3 - Leaf i n  r e f l ec t ed  l i g h t ;  4 - Leaf i n  transmitted l i g h t  
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yaxima: a )  from 52G t o  640 mw , with a highest  value of 16 and 75%;b) from 
720 t o  766 mw, 118 and 55%. 

Minim: a )  from 330 t o  520 m w ,  with a lowest value of 1 and 4%;b) from 
660 t o  720 mw, C and 42. 

1C. White iris ( I r i s  hybric!. h o r t  .,v a r i e t y  "Darwin") (Fig.  11). Air ten-
Ferature t = +1~9.?C, r e l a t i v e  humidity 54,.0$, t i m e  of photographing 1C:25 t o  
l C : 5 5 ;  June 1, 1958. 

The s p e c t r a l  brightness curves of the  p e t a l  and leaf i n  re f lec ted  l i g h t  
and t ransrr i t ted l i g h t  have two maxima and two r i n i m .  

Lc_Peta l  

!.laxima: a )  f r o m  3 5 G  t o  5CG mF, with a highest  value of 116 and 58%; 
b) from 610 t o  72G mu, 75 and 61d. 

Yinim: a )  frorr 320 t o  366 mw, with a lowest value of 3 and 2%; b)  from 
52C t o  62C m k ,  with a lowest value of 33 and 57%. 

Leaf-
bxira: a )  from 52C t o  6 L G  m w ,  with a highest  value of 16 and 1Cg; 

b) from 720 t o  780 m p  , 1+5 and 33%. 

14inin-a: a )  from 330 t o  520 mw, with a lowest value of G and. 5%; b) from 
640 t o  720 mp, 1 and 6%. 

L. Conclusions 

1) The r e f l e c t i o n  and t r a n s r i s s i o n  of  l i g h t  f o r  pe t a l s  and leaves depends 
on the  environrpent, namely, on a i r  tenperature and relat ive humidity. The 
higher t he  tenperature and t h e  lower t h e  humidity, t h e  g rea t e r  will be the  re
f l e c t i o n  and transmission of !.ight. 

2) The value of r e f l e c t i o n  and transmission of l i g h t ,  f o r  both p e t a l  and /24
l eaf  depends on t h e  t i m e  of day. I n  a l l  probabi l i ty ,  t h i s  i s  associated with 
photosynthesis. 

3 )  Flowers of  a l l  co lors  have two maxima i n  t h e  spec t r a l  brightness curves 
of  t h e  p e t a l  i n  r e f l ec t ed  and transmitted l i g h t .  The range of t h e  former de
pends on t h e  color of t h e  flower, while t h e  range of  t h e  l a t t e r  i s  not  a func
t i o n  of co lor  and i s  located i n  the  red and infrared regions o f  t h e  v i s i b l e  
port ion of  t he  spectrum. 

t)The zone of  t h e  first maxi" in t h e  curves of  s p e c t r a l  br ightness  of 
t h e  p e t a l  i n  r e f l ec t ed  and transmitted l i g h t  coincides with t h e  co lor  of t h e  
flower. 
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For example, a yellow flower has a maximum i n  the  yellow spectrum region, 
a red flower i n  t h e  red, a b lue  flower i n  t h e  blue. 

5 )  Under su i tab le  environmental conditions (temperature, hwoidity, and time 
of day) the  above objec ts  exhib i t  transmittance and strong complementary l i g h t  
i n  both zones of t he  maxima. 

6 )  The nature  of t h e  "a i n  t he  curves of spec t ra l  br ightness  of p e t a l s  
(anthocyanins and flavones) i n  re f lec ted  and transmitted l i g h t  most l i k e l y  i s  
iden t i ca l  with the  nature  of t he  inf ra red  e f f e c t  of chlorophyll. Therefore, we 
w i l l  c a l l  t h e  m a x i m a ,  by analogy with t h e  inf ra red  e f f e c t ,  t h e  red, yellow, and 
blue e f fec ts .  

7 )  The spec t ra l  br ightness  curves of  leaves i n  re f lec ted  and transmitted 
l i g h t  a r e  q u i t e  similar i n  slope t o  those of p e t a l s  of t h e  same color. This 
s i rx i la r i tp  can be explained apparently by t h e  presence of chlorophyll i n  l a t e n t  
form i n  petals .  

e )  The magnitude of t h e  m a x i m a  i n  t h e  spec t ra l  br ightness  curves of leaves 
i n  ref lected and transmitted l i g h t  depends on the  time of day. During the  
evening and morning hours, these  maxima a r e  appreciably broader and higher i n  
the  green region of t he  spectrum than a t  midday. Apparently t h i s  phenomenon i s  
int imately connected with some kind of physiological process. 

9 )  The nature of t he  complementary l i g h t  of anthocyanins and flavones i s  
apparently analogous t o  the  nature  of t h e  infrared e f f e c t  of  chlorophyll. The 
physical meaning of these  e f f e c t s  has  not ye t  been explained. 
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OPTICAL PROPERTIE: - GERANIUM AND YET;LoW POPPY /25 
V .S .Sokolova 

Several  authors (Bibl.1) have dei.,ool,,crated t h a t  t he  o p t i c a l  p roper t ies  of 
p l an t s  do not  always r e f l e c t  b a s i c  chemical changes occurring within the  organ
i s m .  This i s  due t o  t h e  f a c t  t h a t  a change in o p t i c a l  p rope r t i e s  i s  not d i rec t 
l y  re la ted  t o  a change in chemical composition. Extensive chemical conversions 
may only negl igibly,  o r  not a t  a l l ,  a f f e c t  t h e  chromophore group of atoms and 
thus cannot cause marked changes i n  t h e  spectra  of  l i g h t  r e f l ec t ion  and trans
mission. An ins ign i f i can t  ( f o r  chemicalHowever, a l so  t h e  reverse may be t rue :  
processes) regrouping o r  change of atoms in t h e  chromophore group might markedly 
change the  op t i ca l  propert ies .  The members of t h e  Astrobotany Sector  have found 
t h a t  the  o p t i c a l  p roper t ies  of p l an t s  change with t h e  height of t h e i r  hab i t a t  
(Bib1.3, fb). This cha rac t e r i s t i c  of p l an t s  was explained by environmental con
d i t ions ,  without penetrat ing i n t o  the  physical essence of t h e  organism. 

This a r t i c l e  i s  t o  confirm t h i s  phenomenon and give ce r t a in  bases  f o r  i t s  
explanation. 

1. !iorking Method 

The specimens were photographed by a superhigh-transmission spectrograph 
on I l f o r d  Special  plates .  To obtain the  spectra  i n  r e f l ec t ed  and transmitted 
l i g h t  and the  i n d i c a t r i x  i n  t h e  same rays, t he  ob jec t s  w e r e  photographed w i t h  
su i tab le  attachments. A de ta i l ed  descr ipt ion of the  l a t t e r  i s  given i n  our 
preceding a r t i c l e .  

The coe f f i c i en t s  of spec t r a l  br ightness  of both r e f l ec t ed  and transmitted 
rays were obtained by the  usual  method of spectrophotometry (Bibl.2). 

2. Results 

The ob jec t s  invest igated were the  geranium (Geranium collinum Steph.) and 
the yellow poppy (Papaver alpinum L.).
1956 i n  t h e  mountains of Zai l iyskiy Alatau a t  th ree  points :  

These p l a n t s  were spectrographed i n  

1)Ustf-Goreltnik near  t h e  hydroelectr ic  power plant .  The elevat ion of 
the s i te  w a s  1850 m above sea leve l .  

2 )  Vorota - Camp Lokomotiv. Elevation, 2100 m above sea leve l .  

3 )  Myn-Zhilki. Elevation, 3000 m above sea leve l .  

In a l l ,  we obtained 18 negatives,  of which 11with 20 spectra  on each /26 
were intended f o r  obtaining spectra  in ref lec ted  and transmitted l i g h t ,  while 
t he  o ther  seven with LO spec t ra  on each were f o r  obtaining t h e  i n d i c a t r i x  i n  
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r e f l ec t ed  and transmitted l i gh t .  

For each object ,  we p lo t ted  t h e  i n d i c a t r i x  a t  nine wavelengths, both f o r  
d i f fuse ly  re f lec ted  and f o r  transmitted l i g h t .  

The br ightness  coe f f i c i en t s  of t h e  p e t a l  and leaf i n  re f lec ted  and trans
mitted l i g h t  were determined with consideration of t h e  ind ica t r ix .  A l l  p lot ted 
i n d i c a t r i c e s  were divided i n t o  t h e  following groups: 

1)Those extended i n  an equator ia l  d i rec t ion ;  
2 )  Those extended in a polar  d i rec t ion ;  
3 ) Intermediate. 

For each group, we determined t h e  correct ion coeff ic ient .  The flowers and 
leaves  of t h e  geranium and the  flowers and leaves of t h e  yellow poppy had indi
c a t r i c e s  c lose t o  a spherical  i n d i c a t r i x  i n  re f lec ted  l i g h t .  

Fig. 1 Iviyn-Zhilki. Curves of Spectral  Brightness 

of t h e  Geranium Petal. 


1- In re f lec ted  l i g h t ;  2 - I n  transmitted l i g h t  


I n  transmitted l i g h t ,  t h e  yellow poppy had an i n d i c a t r i x  extended i n  a polar  
direct ion.  

Geranium (Geranium collinum Steph. ) 

1. M.yn-Zhilki. 

A i r  temperature t = +27.@C; time of photographing 17:30 - 17:50, July 22, 
1956. 

The spec t r a l  br ightness  curve of 
m a x i m  and two minima (Fig.1). 

Maxima: a )  from 670 t o  820 m p ,  
t o  890 mw, 54%. 

M i n i m a :  a )  from LOO t o  660 m p ,  
t o  860 m q ,  12%. 

tho  p e t a l  i n  re f lec ted  l i g h t  has two 

with a highest value of 37%; b )  from 860 

with a lowest value of 16%; b )  from 830 

The spec t ra l  br ightness  curve of t h e  p e t a l  i n  transmitted l i g h t  has th ree  
m a x i m a  and two minima. 
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M a x i m a :  a )  from LOO t o  520 m p ,  with a highest  value of 68%; b )  from 6LO 
t o  820 m p ,  120%; c )  from 820 t o  860. m p ,  105%. 

Minima: a )  from 520 t o  6LO mp, with a lowest value o f  9%; b )  from 830 t o  
850 m y ,  46%. 

Both curves are almost everywhere smooth. 

2. Vorota. 

A 5 r  temperature t = +25. O'C, time of photographing 12: LO - 12:LO. 

The spec t ra l  br ightness  curve of t he  p e t a l  i n  re f lec ted  l i g h t  has two 
maxima and two minima (Fig.2). 

Fig.2 Vorota - Camp Lokomotiv. Curves of Spec t ra l  
Brightness of Geranium 

1- Pe ta l  i n  re f lec ted  l i g h t ;  2 - In transmitted 
l i g h t ;  3 - Leaf i n  re f lec ted  l i g h t ;  4 - Leaf i n  

transmitted l i g h t  

M a x i m a :  a )  from 500 t o  560 m p ,  with a hiahest  value of  21%; b )  from 720 
t o  820 mw, 35%. 

Minima: a )  from LOO t o  490 m p ,  with a lowest value of 12%; b )  from 570 t o  
610m v ,  15% 

The spec t r a l  br ightness  cume of  t he  p e t a l  i n  transmitted l i g h t  has two 
"a and two minima. 

M a x i m a :  a )  from LOO t o  500 mw, with a highest  value of 118%;b )  from /27
630 t o  8LO mp,  170%. 

M i n i m a :  a )  l+OO m p ,  with a lowest value of 25%; b )  from 500 t o  600 m u ,  22% 

The spec t r a l  br ightness  curve of t h e  l e a f  i n  re f lec ted  l i g h t  h a s  one maxi
m and one mini". 

M a x i m u m :  a )  from 720 t o  860 m p ,  with a highest  value of  35%. 

a )  from 400 t o  700 m p ,  with a lowest value of  6%. 
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The spec t ra l  br ightness  curve of t h e  leaf i n  transmitted l i g h t  has two 
"a and two minima. 

K a x i m a :  a )  from 510 t o  640 m u ,  with a highest value of 57%; b )  from 690 
t o  ,940 mu, 180%. 

Kinima: a )  from L50 t o  510 m@, with a lowest value of 7%; b )  from 6 t 0  t o  
680 my, 7% 

The spec t r a l  br ightness  curves of t he  p e t a l  and leaf i n  re f lec ted  and 
transmitted l i g h t  a r e  not smooth and have sharp pro jec t ions  over t h e  e n t i r e  
spectrum with a m a x i m a l  value i n  the  blue and red regions. 

Fig.3 Ust*-Gorel*nik. Curves of Spectral  Brightness 
of t h e  Geranium Peta l  

1 - I n  r e f l ec t ed  l i g h t ;  2 - I n  transmitted l i g h t  

3. Ust '-Go re1k i k .  

A i r  temperature t = + 3 2 . O o C ;  time of photographing 16:15. 

The spec t r a l  br ightness  curve of t h e  p e t a l  i n  re f lec ted  l ighk  has two 
maxima and one mini" (Fig.3). 

Maxima: a )  from LOO t o  500 mp, with a highest  value of LO%; b )  from 660 
t o  r50 mp, L6%. 

Mini": a )  from 520 t o  620 mp,,with a lowest value of 12%. 

The spec t ra l  br ightness  cum2 of t h e  p e t a l  i n  transmitted l i g h t  has three 
m a x i m a  and two minima. 

M a x i m a :  a )  from LOO t o  520 m y ,  with a highest  value of 150%; b )  from 620 
t o  820 mp, 195%; c )  a t  860, 19@. 

I G n i m a :  a )  from 500 t o  630 my, with a lowest value of 50%; b )  a t  8-50 my, 
115%. 

The spec t r a l  br ightness  curves i n  r e f l ec t ed  and i n  t ransmit ted l i g h t  are 
not smooth and have sharper pro jec t ions  in t h e  b lue  and red regions t h a n  such 
curves f o r  geranium growing a t  Lokomotiv. 
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Yellow Poppy (Papaver alpinum L. ) 

mevat ion  3000 m above sea l eve l ,  a i r  temperature t = +27.0°C; time of 
photographing 17:15 - 17:25. 

The spec t r a l  br ightness  curve of t h e  p e t a l  i n  re f lec ted  l i g h t  has two 
“a and two “a (Fig.L). 

Fig.4 Myn-Zhilki. Curves of Spec t ra l  Brightness 
of Yellow Poppy P e t a l  

1- I n  r e f l ec t ed  l i g h t ;  2 - I n  t ransmit ted l i g h t  

M a x i m a :  a )  from 510 t o  690 m p ,  with a highest  value of 110%; b )  from 820 
t o  850 m p ,  62%. 

Minima: a )  from 420 t o  510 m p ,  with a lowest value of 5%; b )  from 670 t o  
740 my, 35%. 

I n  t ransmit ted l i g h t ,  t h ree  ”a and th ree  minim. 

K x i m a :  a )  from 5 l O  t o  700 mp, with a highest  value of llrC%; b )  from 7LO 
t o  810 mG, 100%; c )  from 820 t o  860 mp, 100%. 

M i n i m a :  a )  from 420 t o  480 mp, with a’ lowest  value o f  12%; b )  from 620 t o  
740 m p ,  66%; c )  a t  820 m p ,  70%. 

The spec t r a l  br ightness  curves both i n  re f lec ted  and transmitted l i g h t  a r e  
not smooth, have sharp project ions,  and very high values  i n  the  yellow, red, 
and inf ra red  regions of t h e  v i s i b l e  port ion of t h e  spectrum. 

2. Vorota - Camp Lokomotiv. 

Elevation 3000 m above sea l eve l ,  a i r  temperature t = +29.OoC, t i m e  of 
photographing 15:35 - 15:50. 

The spec t r a l  br ightness  curve of t h e  yellow poppy p e t a l  i n  re f lec ted  l i g h t  
has two maxima and two minima (Fig. 5). 

M a x i m a :  a )  f r o m  550 t o  750 my, with a highest  value of 49%; b )  from 620 
t o  850 my, 59%. 
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Minima: a )  from LOO t o  520 m p ,  with a lowest value of 9%; b )  from 750 t o  
810 mp, 22%. 

The spec t ra l  br ightness  curve of t he  p e t a l  i n  transmitted l i g h t  has one 
maxi" and one m i n i " .  

M a . x i " :  from 510 t o  850 m p ,  w i th  a highest value of 22M. 

Mini": from t20  t o  460 mw, with a lowest value of 20%. 

The spectral  br ightness  curve of the  l e a f  i n  re f lec ted  l i g h t  h a s  two maxima 
and two minima. 

Maxima: a )  from 510 t o  540 mp, with a highest value of 18%; b )  from 700 
t o  8LO mp, 30%. 

MinFma: a )  from 400 t o  500 m p ,  w i th  a lowest value of 2%; b )  from 600 t o  
6 9 0  m p ,  0.5%. 

Fig.5 Vorota - Camp Lokomotiv. Curves of Spectral  
Brightness of Yellow Poppy 

1- Pe ta l  i n  re f lec ted  l i g h t ;  2 - Peta l  i n  trans
mitted l i g h t ;  3 - Leaf i n  re f lec ted  l i g h t ;  4 - Leaf 

in transmitted l i g h t  

The spec t ra l  br ightness  curve of t h e  l e a f  i n  transmitted l i g h t  has two 
maxima and two m i n i m a  (Fig.5). 

Maxima: a )  from 510 t o  650 m p ,  w i t h  a highest value of 33%; b )  from 690 
t o  850 mp, 18@. 

Minima: a )  from 400 t o  690 m p ,  w i th  a lowest value of 5%; b )  from 650 t o  
690 m p ,  8%. 

The spec t ra l  br ightness  curves of the  p e t a l  and l e a f  both i n  re f lec ted  /2q
and i n  transmitted l i g h t  have very high maxima and very deep minima. 

The m a x ~ m' um of  t he  p e t a l  belongs t o  the  yellow region and, t o  an appreciably 
smaller extent ,  t o  t he  red and inf ra red  region of t he  visible port ion of t h e  
spectrum. The maxima of the  spec t ra l  br ightness  curve of the l ea f  a r e  located 
i n  the  red and inf ra red  regions and appreciably l e s s  in the  yellow region. 
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3. Ustv-Goreltnik. 

Height 1850 II above sea l eve l ,  a i r  temperature ' = +32.OoC; time of photo
graphing 13:17 - 13:32. 

The spec t ra l  br ightness  curve of t h e  petal of t h e  yellow poppy in r e f l ec t ed  
l i g h t  has one maxi" and one minimum (Fig.6). 

M a x i " :  from 510 t o  780 m p ,  with a highest  value of 62%. 

M i n i m u m :  from 400 t o  490 m p ,  with a lowest value of 8% 

The spec t ra l  br ightness  curve of t he  p e t a l  i n  transmitted l i g h t  has one 
m a x i "  with two values and one m i n i " .  

M a x i " :  from 480 t o  760m p ,  with a highest  value of 168 and 28@. 

Mini": from LOO t o  L80 my, with a lowest value of  20%. 

The spec t ra l  br ightness  curves of t h e  l e a f  both i n  r e f l ec t ed  and trans
mitted l i g h t  have two "aeach and two minima each. 

Fig.6 Ustt-Gorelfnik.  Curves of Spec t ra l  Brightness 
of t h e  Yellow Poppy 

1 - P e t a l  i n  re f lec ted  l i g h t ;  2 - P e t a l  i n  transmitted 
l i g h t ;  3 - Leaf in reflected l i g h t ;  4 - Leaf i n  t rans

mitted l i g h t  

I n  Reflected Light: 

M a x i m a :  a )  from 490 t o  630 my, w i t h  a highest  value of 25%; b )  from 700 
to 770 mp, 33%. 

M i n i m a :  a) from 420 t o  500 m v ,  with a lowest v d u e  of e%; b )  from 640 t o  
690 mp, l@. 

I n  Transmitted Light: 

Naxima: a )  from 490 t o  630 my, with a highest  value of 35%; b )  from 700 
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t o  780 mw, 63% 

Kinima: a )  from 440 t o  480 m p ,  with a lowest value of 7$;  b )  from 6 t o  t o  
690 mp, 10% 

The spec t ra l  br ightness  curves of  t h e  p e t a l  i n  ref lected and transmitted 
l i g h t  have very high m a x i m a  and deep minima. The “a of t h e  l e a f  are l e s s  
high. The minima of t h e  p e t a l  are located i n  t h e  yellow, red, and infrared 
regions. It i s  i n t e r e s t i n g  t o  note t h a t  t h e  maxima and minima of t h e  leaf 
coincide w i t h  respect t o  regions with t h e  maxima and minima of  the petal .  

3 .  Conclusions 

1. The flowers of t h e  geranium and yellow poppy, l i k e  t h e  flowers of the  
iris, have two m a x i m a  i n  t h e  spec t ra l  brightness curves of  t h e  p e t a l  i n  re
f lec ted  and transmitted l i g h t .  The region of the  first m a x i m u m  depends on /30
the  color of the flower and coincides i n  color with t h a t  of  t h e  p e t a l ,  $.e., f o r  
a red flower the mximum i s  located i n  t h e  red region o f  t h e  spectrum, f o r  a 
yellow flower i n  t h e  yellow region, e tc .  

The second m a x i ”  i s  similar f o r  a l l  these flowers with respect t o  loca
t i o n  i n  the  spectrum and i s  i n  the  red and infrared regions. 

2. A t  these maxima, t h e  mentioned ob.jects show complete transmittance plus  
a strong complementary l i g h t .  

3. The spec t ra l  br ightness  curves of the p e t a l  and l e a f ,  f o r  t h e  same 
flower i n  ref lected and transmitted l i g h t ,  are very similar. 

I,. The “a of t h e  spec t ra l  br ightness  curves f o r  t h e  same flower change 
with elevation above sea l e v e l  of the habi ta t  of t h e  object ,  i.e., the  m a x i m u m  
diminishes with increasing elevation. 

It should be noted t h a t  such a comparison can be made only  i f  similar con
d i t i o n s  of temperature, time of spectrographing, and humidity are maintained. 
I n  our case, s t r i c t  fu l f i l lment  of t h e  requirement was impossible because of 
c l imat ic  conditions; nevertheless,  a comparison can be made between Figs.1 and 3 
and Figs.& and 5. 

5. The o p t i c a l  p roper t ies  of t h e  chromophore group depend less on t h e  
chemical processes than on t h e  physiological processes associated with assimila
t i o n  of  l i g h t  energy and organic substances, t h i s  being a function of  t h e  en
vironment. 
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CPTICAL PROPERTIES ANI PHOTOSYNTHESIS OF CERTAIN SPECIES 131 
OF CULTIVATED AND WILD PLANTS I N  REWlTION TO 

ECOLOGICAL CONDITIONS 

G. S oGorbunova, 2. S,Parshina, and V .P .Bedenko 

The purpose of t he  work reported here w a s  t o  def ine the  cha rac t e r i s t i c s  of 
i lOnSthe  op t i ca l  p roper t ies  of p l an t s  and photosynthesis i n  r e l a t i o n  t o  t h e  cond ' t '  

of t h e  geographical l a t i t u d e  of t h e  loca l e ,  i.e., t he  var ious ecological zones. 

The observations were car r ied  out  i n  t h e  t e r r i t o r y  of t he  Soviet  Union 
along a meridiar, s t a r t i n g  from t h e  high North and ending in t h e  deep South. The 
northern point  of this l i n e  w a s  T iks i  Bay (73'35' N), t he  southern point  Blago
veshchensk (5Oor:), and t h e  intermediate point  Yakutsk (620N). Thus, t h e  t o t a l  
length from North t o  South w a s  21°, or about 2500 km. 

The inves t iga t ions  w e r e  car r ied  out from June t o  September 1957. The 
o p t i c a l  p roper t ies  of t h e  p l an t s  were studied by the  method of r e l a t i v e  spectro
photometry (Bibl.15 - 21). Photosynthesis w a s  determined by t h e  half-leaf 
method 2L hours a day a t  3-hour i n t e r v a l s  with ca lcu la t ions  in dry weight per  
u n i t  surface of leaves p e r  hour and pe r  2L-hour period. The product ivi ty  during 
the  e n t i r e  growing season w a s  calculated f o r  ce r t a in  p l an t s  (at  two po in t s ,  
Yakutsk and Blagoveshchensk). 

1. Ob-jects of the  Inves t iga t ions.. 

For the  inves t iga t ions ,  we used two representat ives  of wild p l an t s  which 
a r e  common along the  above geographical l i ne .  Because of t he  imposs ib i l i ty  t o  
s e l e c t  t h e i r  widespread species,  t he  inves t iga t ions  w e r e  car r ied  out  w i t h i n  one 
genus (Betula, Sa l ix) .  A t  a l l  po in ts  t he  cul t ivated cosmopolitan p l an t s  were 
sown i n  s o i l  by the  same farming method: Viner bar ley,  white-tipped rose 
radish,  Khibin Chinese cabbage, and ear ly  rose potatoes (with t h e  exception of 
Tiksi) .  A l l  t h e  seeds of t h e  crop p l an t s  were of Yakutsk reproduction. 

I n  view of t he  var ious c l imat ic  conditions, t he  p l an t s  a t  all poin ts  w e r e  
sown a t  d i f f e r e n t  periods,  bu t  t h e  inves t iga t ions  of t he  physiological processes 
and o p t i c a l  p roper t ies  of t h e  p l a n t s  were car r ied  out a t  t h e  same developmental 
s tages ,  mainly three  times during t h e  growing season: 1) a t  t h e  vegetation s tage 
( t i l l e r i n g ) ;  2 )  a t  the  blooming s tage (heading); 3 )  a t  t h e  mature s tage  ( m i l k  
r ipeness  ). 

Sowing of t h e  crop p l a n t s  and inves t iga t ion  of t h e  physiological processes 
w e r e  car r ied  out  by t h e  staff of t h e  Laboratory of P l a n t  Physiology, Yakutsk 
branch of t h e  USSR Acadeny of Sciences. The op t i ca l  p roper t ies  of t h e  p l an t s  
w e r e  studied by members of t h e  Astrobotany Sector  of t h e  Kazakh Acadeqy of 
Sciences. 
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2. 	 Brief Description of the. Natural Congitions of &he J32 
Observation S i t e s  

Tiksi  Bay, on t h e  shore of t h e  Laptev Sea, is i n  t h e  tundra zone. The 
r e l i e f  of t h i s  region i s  monticulate. The temperature during the  winter drops 
t o  -LO°C and, during the  summer, does not r ise above +15'C. b i n f a l l  i s  scanty, 
bu t  a s  a consequence of t he  scarcit:r of s m y  days and t h e  short  summer, evapo
ra t ion  i s  negl igible;  consequently, there  i s  an sxcess of moisture. The s o i l s  
which freeze during t h e  winter do not have time t,o t h a w  i n  t h e  summer, and the  
l aye r  of permafrost i s  close t o  the  surface,  Trx harsh climate of t h i s  region 
excessi'vely limits t h e  growing season and t h e  coi is t i tut ion of the  species. 

Vegetation is represented mainly by var ious species  o f  mosses arid l ichens;  
dwarf willows, birches,  and b lueber r ies  a r e  encountered r a the r  frequently. 
Aside from the  small vegetable p l o t s  of  t h e  Tiks i  Experimental S ta t ion ,  no 
vegetable crops a r e  ra ised,  

The v i c i n i t y  of  Yakutsk on the  l e f t  bank of  t h e  Lena River i s  i n  t h e  t a iga  
region. The cont inenta l i ty  of t h e  climate a t  Yakutsk reaches i t s  most extreme 
degree: very low temperatures in the  winter dropping on t h e  average t o  -LO°C 
and excessively high summer temperatures. There i s  very l i t t l e  r a i n f a l l ,  about 
200 rmn in a l l  during t h e  pear; t he  l a r g e s t  amount usua l ly  f a l l s  during August. 
Owing t o  the  dear th  of prec ip i ta t ion ,  there  i s  an abundance o f  sunny days during 
the  year. These conditions nevertheless  permit t h e  development of vegetable 
plants .  

The region i s  r i c h  i n  a d i v e r s i t y  of species of woody and, especial ly ,  
herbaceous forms. The most cha rac t e r i s t i c  a r e  l a r ch ,  pine,  willow, and birch.  
Alder i s  sometimes found. Blueberries,  cowberries, cloudberries,  and frequent ly  
mosses and l ichens  grow in t h e  underbrush. 

The herbaceous cover i s  represented b;. members of t h e  sedge famLly and 
grass  family. 

The region of Blagoveshchensk on t h e  l e f t  bank of t h e  Amur River i s  a 
forest-steppe zone. The climate here i s  q u i t e  unique. The amount of heat w:hich 
t h i s  region receives  does not correspond t o  i t s  geographical locat ion,  s ince 
the  proximity of t h e  Asia t ic  Continent with i t s  heavy winter f r o s t s  has a grea t  
influence on the  climate. The winter i s  cold, dry,  c l ea r ,  with l i t t l e  snow; 
the  spring i s  late,  drawn out,  cold, a r i d ;  t h e  summer i s  hot, r a ins  a r e  abundant, 
and the  f a l l  , is dry and warm. The winter  temperatures on the  average drop t o  
-2koC and the  summer temperatures reach +40°C. The growing season i s  about 170 
days. The abundant p rec ip i t a t ion  i n  the  second h a l f  of t h e  summer (July-August), 
i n  combination with the  high humidity and high temperatures, create  t h e  atmos
phere of a ''hothouse". The high r e l a t i v e  moisture content of  the  s o i l s ,  which, 
a f t e r  ra ins ,  reaches lo&, causes t h e  presence of cap i l l a ry  water i n  the  s o i l  
p rof i le .  Fragments of Far-Eastern f l o r a  wedge i n t o  t h e  vegetation of t he  t rans i 
t i o n  zone from the  steppes t o  the  fores t s .  

Measurements of t he  a i r  temperature, r e l a t i v e  humidity, s o i l  temperature 
a t  t h e  surface and a t  a depth of 10 and 20 cm were taken during observations of 
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TABLE 1 


METWROLOGICAL DATA OF 1957 


1 Tik a i  Ylturdt  B1 apvcahchenak
I - --

A l e  r age hverrg e Average 
f o r  f o r  f o r  

Yay June J u l y  h g l l a t  Crowing June J u l y  bp.1 ;rowing May h p a t  Growing 
Season Ssamn Seamon ---- 

w Air temperature k4.1 $7.7 +3.3 13.4 16.8 20.3 17.4 17.2 11.9 18.4 17.8 

4 

R e l a t i v e  humidity,  A 88 84 77 82 - - - - 51 56 61 83 82 7u 

Soil temperature 
a t  r u r f a c e  
(minimal) -17. -0.7 -1.2 -4.9 0.1 4.1 0.3 7.6 6.1 5.4 9.9 12.7 10.3 9.5 

S o i l  temperature 
a t  depth o f  10 ca - - - - 11.9 17.1 18.5 13.9 15.3 13.8 19.7 21.0 20. I 18.7 

Soil temperature 
a t  depth o f  20 cm - - - - 8.5 14.4 15.7 12.6 11.8 11.0 16.9 18.6 18.8 16.4 

P r e c i p i t a t i o n ,  mm 23.9 45.4 22.4 81.6 35 12.5 14.0 16.9 78.4 13.8 33.9 I22 102.2 271.9 



-- 

TABLE 2 


PHENOLOGICAL OBSEXVATIONS, 1957 


D c r e l o p m e n t d  
Ch ineseS t y e s  B a r l e y  R a d i s h e s  Crbbsge  

I P o t a t o e s  Bar1 cyI 
~ 

-
c_ 

Sowing 22 J u n e  22 J u n e  2:! June 24 May 24 Yay 

Germina t ion  28 J u n e  29 J a n e  17 Jali 
ILI hug, 

31 Yay 29 May 

T h i r d  l e a f  ( t i l l e r i n # )  25 J u l y  25 J u l y  Win L e r -
k i l l e d )  

10 J u n e  15 Jane 

F i f t h  l e a f  24 Aag. 27 h g .  - 12 J u n e  27 June  

Shoo t ing  - - 16 J u n e  -

Heading  (budd in#)  - - - 2 J u l y  8 J u l y  

F lower ing  - - - 10 J u l y  29 J u l y  

R i p e n e s s  (mi lky - wax, - - - 22 J u l y  25 J u l ycompl s t e l  
2 L g .
8 k s .  

Blagoveshchcnak  

Barley Radi she l  ' 0  t a t 0  ea 

16 Yay 

23 May 

3 J u n e  

I8 J a n e  

-
10 J u l y  1 28 J u n e  6 J u l y  

9 J u l y  ' 3 1 J a l y  28 J u l y
I 

25 J a n e  



both t h e  physiological processes and op t i ca l  properties.  The average meteoro
log ica l  da ta  f o r  t h e  summer of 1957 are given by months i n  Table 1. I n  view 
of t he  d i f f e r e n t  c l imat ic  conditions t h e  s tages  of p l an t  development occurred 
a t  d i f f e r e n t  times, but  t h e  observations of t he  physiological proper t ies  and 
op t i ca l  p roper t ies  of t he  p l a n t s  w e r e  timed t o  ce r t a in  developmental stages. 
The da ta  of t h e  phenological observations of t he  p l a n t s  a t  various poin ts  on 
t h e  meridian are given in Table 2. 

-3 .  @&i-cc&l’ropexties and Photosynthesis of P l an t s  

An organism and i t s  environment are one - t h i s  i s  the  bas ic  l a w  of t h e  
Michurin bioloey. Organisms, during t h e i r  development, adapt t o  var ious en
vironrrental conditions. 

Thus, representat ives  of t h e  p l an t  world can be found i n  d i f f e r e n t  habi
t a t s :  i n  deser t s ,  humid subtropics,  cold an ta rc t i c ,  on solonchak s o i l ,  i n  sands, 
hot springs,  etc.  Everywhere one meets with the  surpr i s ing  adap tab i l i t y  of 
p l an t s  t o  the  environmental conditions,  expressed i n  various degrees and forms. 
For  example, p l an t s  i n  t h e  dese r t  adapt t o  less evaporation of moisture by re
ducing t h e i r  evaporating surface,  by reducing the  number of stomata, and by 
thickening of t he  c u t i c l e  ( i n  succulents) ,  by growing a th ick  l aye r  of h a i r s  
on the leaves and a w a x y  coat (sagebrush, e tc .  ), and so on. I n  cold habi ta t s ,  
p lan ts  a r e  short  and have a high metabolic ra te .  Growing on various s o i l s ,  
they exhib i t  numerous morphological adaptations and var ious physiological 
propertie s . 

The v a r i a b i l i t y  of organisms ensures t h e i r  extensive adaptab i l i ty ,  resu l t 
ing  a broad d i s t r i b u t i o n  of vegetation. However, another noteworthy aspect of 
v a r i a b i l i t y  i s  the  conservation of heredity. A s  i s  known, mutations caused by 
erivironment can be inher i ted ,  when reinforced by t h e  same environmental condi
t i o n s  year a f t e r  year. An organism which chances t o  exist under conditions not 
cha rac t e r i s t i c  f o r  i t ,  will conserve, during the  f i r s t  year of l i f e ,  t h e  in
herent proper t ies  o f  i t s  former habi ta t .  

The o p t i c a l  p roper t ies  of p l an t s ,  which a r e  an ex terna l  manifestation of 
physiological processes, i n  p a r t i c u l a r  of photosynthesis, my e i t h e r  change 
under t h e  e f f e c t  of  environmental conditions o r  remain conservative (under 
ce r t a in  conditions ). 

Various members of  t h e  kstrobotany Sector  (Bibl.19, 20, 23) detected 
changes i n  t h e  o p t i c a l  p roper t ies  of p lan ts ,  i n  r e l a t i o n  t o  seasons and zonal-
ecological conditions. Our inves t iga t ions ,  which were  carr ied out  with cu l t i 
vated p l an t s  along the  meridian a t  t h e  po in t s  indicated above, showed t h a t  t h e i r  
o p t i c a l  p roper t ies  during the  first year  of sowing (seeds of t he  same Yakutsk 
reproduction) i n  d i f f e r e n t  ecological  regions d id  not  change i n  t h e  v i s i b l e  
region of t h e  spectrum (Figs.1 - 3 ) .  The spec t r a l  br ightness  curves in re
f lec ted  and transmitted l i g h t  f o r  radishes,  potatoes,  and bar ley  are shown i n  
t h e  accompanying diagrams. 

These show t h a t  t he  r e f l e c t i o n  curves f o r  a l l  invest igated p l a n t s  are t h e  
same f o r  d i f f e r e n t  areas i n  t h e  v i s i b l e  spectrum region. Only s l i g h t  d i f f e r 
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Fig.1 Curves of Spec t ra l  Brightness of 
Radish Leaves (Raphanus s a t i n s  var. 
minor) i n  Reflected ( A )  and Transmitted 

( B )  Light 
1 - Blagoveshchensk; 2 - Yakutsk; 

3 - Tiks i  
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Fig.3 Curves of Spec t ra l  Brightness of 
Barley Leaves (Hordeum sativum) in Re
f l ec t ed  ( A )  and Transmitted ( B )  Light 
1 - Blagoveshchensk; 2 - Yakutsk; 

3 - Tiks i  
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Fig.2 Curves of Spectral  Brightness of 
Potato Leaves (Solanum tuberosum) i n  
Reflected ( A )  and Transmitted ( B )  Light 
1- Blagoveshchensk; 2 - Yakutsk; 

3 - Tiks i  
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Fig.4 Curves of Spec t ra l  Brightness of  
Goat-Willow Leaves ( S d i x  caprea) i n  
Reflected ( A )  and Transmitted (B)  Light 
1- Blagoveshchensk; 2 - Yakutsk;
3 - Gray-leaved willow ( S a l k  glauca), 

T iks i  
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T U L E  3 

SPECTRAL BRIGHTNESS COEFFICIEUTS OF THE LFAVES OF RADISHES, 
BARLEX, MIL) POTATOES I N  REFLECTED AND TRANSMITTED LIGHT 
\-

B1 agoreahchenak Yakutak T i k a i~ _ _  
ware- t Radiah B a r l e y  Radiah P o t a t o  Barley P o t a t o  

length Re- 4Trana- 1Re- I T r m . 1  Re- ] T r m a - l ~ ~ " ; t - R e - j T r a n . - l  Re- 4Tr-a;  
l e c t e  m i t t e d  l e c t e  m i t t e d  l ec te  m i t t e d f l e c t e  m i t t e d  l e c t e  m i t t e d  lecte  m i t t e d-	 ___

340 0.fIW - - .- - - - 
34 8 0.0115 - - ' - - - - - - - - e 

3111 0.0168 - - - _ - - - - 0.0391 
39 I 0.0115 - 0.0149 - - - 0.0486 - 0.0198 - 0.0.706 
4 15 0.0235 - 0.04.34 e 0.0373 - 0.0656 - 0.0353 0.0365 
420 0.0225 - 0.0456' - (J.0495 - 0.067'1 - 0,0373 - 0.0413 
440 O.fI2S2 - 0.0510 0.0521 - 0.(~66.1 - 0.0403 - 0.0492 
449 0.0163 - 0.0547 0.0192 - 0.0687 - 0.0407 - 0.0492 
4 59 0.0286 - 0.0527 0.05.58 - 0.0695 - 0.0451 - 0.0481 
463 O.CUl0 - O,O-r66 0.oc0.5 - 0.0970 - 0.0458 - 0.C515 
498 lI.O2C,O - 0.0705 -
510 0.0.11010.0311 0.0843 

10.0592 - O.(l798 - 0.0470 - 0.0539 -
522 ,o.o6:100.146 n. 1 : ~  
534 0.096 0.255 1 1 . 1 4 o  
554 0 . 1 1 4  10.244 0.141 
560 0.096 0.258 0.128 
57 1 0.07i810.P02 0 .O924 
58 1 0.07200.170 0.0769 
601 0.0545 0 . i  12 0 . 0 7 ~ 1  
t1m 0.0460 n.088 0.0345 - ~~.OXG$O.O240 

478 0.0265 - U.0618 - 0.04% - 0.0727 - 0.0463 - 0.0508 

~).10030,070:' O.06R2 - 0.0855 0.0413 
612 0.0428 0.0730 0.0504 - 0.0711 0,02400 1 l l 4 O . O C 4 B I ~ . O ~ ~ q H- 0.0~070.0790 
617 0.0396 0.0738 0,0424 - 0.0079 - l0:098110.06h3 0.0663 - 0.0842~U.0835 
62 I 0.0422 0.07150.0~75 - U . ( 6 i ! J  - O.o!~f;Oo.O$7H0.~~592- 0,07!)09.0Yi7
625 0.0342 0.0348 0.04*34 - o.nw3 - 0,09hoo.o508 0.0648 - 0.08~5/0.07tin
629 0.0?60 0.0237 0.0 398 - d.0'417 - 0.  Ill64 ll.0565 0.0604 - 0.0835 0.0662 
632 0.02350.0148 0.('341 - 0.0727 - 0.0855 0.0198 0.0552 - 0,0744 0.0578 -637 l0.0231 - 0.0267 0.nGl9 - 0.OF650.04560.05l5 - 0.06100.0454 
t j 4 ~  0.0185 - 0.0225 - 0.0527 - n.0865 - 0.0476 - 0.0671 0.0294 
652 0.01H7 - 0 ,OL(iI  0.0448 '0.0592 O.O2.i5
GS4 0.0229 - 0. U284 0.0448 - 0.0688O.U290 
653 0.0?44 - 0.0,3 I H O.(I412 - 0.05720.0163 
titi2 0 . 0 3 ~ g 0 . ~ ~ ~ ~ 0 . 0 ~ 3 : 1 0  0 . 0 ~ 1 0  - 0.0652 
666 0.or,y7 11. I 1 7  o.n::45 0.114:L1 - 0.0603 0.0209 
67 I n.094 O . X 8  II 06-5 0.0j09 - U.OH650.0137 
67 7 0.144 0.352 0:1115 .0374'0.12"5 0 .  I U 4  0.0895 0.041~0.01~,1~5- 0.147 U.Wh8 
680 0.16.3 0 . 3 4  0.149 .(15~00.16IiXO.O!).3H0.l10 0.0~16O.O(i!~n~'.Ol4~~,0.IGI 0.118 
ti85 0.202 0.4U2 0.iYG ,122 0.20(J4O.07700.140 0.110 0.104 0.0213~0.217 0.185 
69 I 0.214 0.382 0.274 .208 0.25.3 0.0817 0.1748 0.154 U.IJ2J 0.03290.266 0.235 
698 0,231 0.410 0 . 3 2 2  ,286 0.348 0.1 12tio.246 0.214 O.lh8 0.039110.2iR 0.255 
70s 0.746 0.433 n.348 ,280 0.438 0.1064 0.2Y.7 0.268 0.202 0.051H,0.307 0.783 
7 IO '0.368 0.566 0.378 .32A 0.3n2 0.1907 0.357 0.308 0.214 0.0727 0.;130 0.277 
715 0.277 0.462 0,493 .415 0.4,'M 0.0R84 0.419 0.2!)7 0.315 0 .  IO4 0.449 0.369 
750 0,244 0.405 0.429 .470 0..79Y 0.04540.501 0.348 0.310 0.135 0.344 0 . ~ 3 7  
735 - - - - O . t ' W j  - 0.499 0.35U 0.322 0.12930.310 0.290 
74 I - - -_ - 0.1.386 - 0.518 0.286 0,318 1 1 .  12150.,3:14 0.300 
748 - - - - 0.481 - 0.664 0,336 ,0.35!) 0.13'1 0.308 0.282 
?GO _ _  - - - - 0.344 0.258 0.279 0..'100 U.780 0.235 
770 - - - - 0.341 0.409 0.419 0.40') I0.317 U.204 0.274 0.341 
800 
830 - - -
H40 - - 
850 - - 
855 - - 
b 6 0  - - 
865 - - 0;492 0.253 01470 01272 0.266 01238 0;277 0.305 
870 - - 10.481 1 - 10.438 10.246 10.267 10.241 10.258 10.283
8H(l 
885 

w 



ences are observed in t h e  value of t he  br ightness  coe f f i c i en t s  f o r  d i f f e r e n t  
wavelengths (Table 3 ). 

The same p a t t e r n  i s  observed on examining t h e  transmission curves. I n  t h e  
inf ra red  spectrum region, there  i s  a ce r t a in  drop i n  t h e  r e f l ec t ion  and trans
mission of in f ra red  rad ia t ion  as these p l an t s  move North,which apparently en
sures  an increase of the  vegatat ive mask during the  shor t  growing-period of  these 
p lan ts  i n  t h e  North. 

Fig.5 Curves of Spec t ra l  Brightness of White-Birch Leaves 
(Betula verrucosa) i n  Reflected ( A )  and Transmitted 

(B) Light 
1- Blagoveshchensk; 2 - Yakutsk; 3 - Dwarf Arct ic  b i rch  

(Betula nana), T i k s i  

The observations of wild p l an t s  (willow and b i rch ,  Figs.), - 5, Table L) 
showed t h a t  r e f l ec t ion  and transmission drop s l i g h t l y  over t h e  e n t i r e  s p e c t m ,  
with higher geographic l a t i t u d e  of  t h e  loca l e  (i .e. ,  from South t o  North). 

We a l s o  studied the  o p t i c a l  p roper t ies  of p l a n t s  a t  various developmental 
s tages  and i n  r e l a t i o n  t o  leaf age. L24. 

Figure 6 (Table 5)shows the  spec t ra l  re f lec tance  and transmittance curves 
of barley,  recorded a t  Yakutsk a t  t h e  s tages  of i nc ip i en t  heading and blossom
ing. It i s  apparent from the  diagrams t h a t  t h e  lowest r e f l ec t ion  and transmis
sion i n  the  region of t h e  main absorption band of chlorophyll i s  observed a t  the  
beginning of t h e  t i l l e r i n g  s tage and t h a t  t h e  p r o f i l e  of t h e  main absorption 
band of chlorophyll i s  q u i t e  d i s t i n c t  on the  spec t r a l  curves. A t  t h e  flowering 
s tage we observe a broadening of t h e  p r o f i l e  of  t h e  main absorption band of 
chlorophyll owing t o  a decrease i n  r e f l ec t ion  and transmission of orange, yellow, 
and green rays; a general  drop of t h e  br ightness  coe f f i c i en t s  at  the  o the r  wave
lengths  i s  also observed, Figure 7 (Table 5 )  shows t h e  spec t r a l  ref lectance 
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T m L E  1,. (38 

SPECTRAL BRIGHTNESS COEFFICIENTS OF WILLOW AND BIRCH 
LEAVES I N  REFLECTED AND TRANSMITTED LIGHT 

-_  -_ .. 

Y akutsk ' T i k s i  agoreshchensk 

B i r c h- -___ W i  1 -,W i B i r c h  j w i l l o w  1 B i r c h  
, 

Re- Trans- Re
e c t e d  m i t t e d f l e c t e  k f l e c t e d  T r a n s m i t t e d  

414 1,050 - 0,033 - ),020 1,044 - - - 
420 0 5  1 - 033 - 022 047 ),031 - - 
427 052 - 032 I, o x  - - - - - 
4.33 056 - 035 0.3: 025 055 012 ,023 0,006 0.01 6 

463 055 032 0.34 04i 028 0.56 027 U?6 002 017 
474 062 0.39 0.38 058 027 054 026 029 001 01s 
494 052 052 033 148 - - - - - -

512 
521 

-
- 063 058 

085 063 
118 
1.35 

032 
056 

0% 
069 

026 
U80 

079 
148 

-
028 

039 
152 

533 079 144 08Y 204 04s 077 095 208 023 159 
544 I O 0  178 100 234 068 097 096 188 029 192 
550 105 169 102 2i9 060 094 028 158 023 174 
562 120 186 107 234 062 089 0% 165 022 147 
563 
573 

120 
120 

195 100 
191 096 

157 
251 

062 
-

082 - 066 
-

13'3 
.-

016 
-

127 
-

579 
597 

107 
076 

178 089 
129 066 

229 
182 

2F,4 
-

072 - 059- I14 
I 

014 
-

099 
-

602 076 126 C68 186 060 069 039 1 00 012 ow 
608 078 126 0-6 178 051 066 030 079 004 063 
614 078 126 06.5 169 050 064 a33 095 002 071 
620 076 IS5 052 065 032 097 003 06 1 
626 07 I 151 052 065 032 OR4 - 057 
631 
637 

069 
071 1U7 1 054 

114 
144 

050 
046 

063 
063 

028 
029 

073 
066 

-
- 04 8 

042 
643 07 1 107 050 138 043 ('60 025 056 - 032 

660 063 074 I 041 093 037 058 022 034 - 016 
664 063 072 041 OS5 034 053 020 036 - 017 

671 059 051 039 069 034 055 022 062 027 

45I 0'6 ',028 035 01; 027 056 028 027 004 018 

5C6 038 OS9 054 678 031 ('6 I 027 043 019 042 

619 072 100 1 046 123 043 064 022 038 -- 021 
652 07I OR1 045 I I O  035 0.59 019 033 015 

667 059 058 1 039 076 - - - - -
-



675 059 048 039 065 034 055 034 113 -. 074 
679 059 047 042 065 012 062 062 177 052 148 
683 063 054 047 068 059 070 I08 208 037 233 
691 069 079 081 102 085 Ob6 141) 227 051 29 1 
695 096 138 118 162 - - - - 
699 141 223 141 245 121 119 162 220 073 287 
703 199 316 1 182 302 I48 150 149 202 068 269 
707 257 - 174 324 156 194 219 251 123 292 

and transmittance curves of barley,  recorded a t  Blagoveshchensk a t  t h e  t i l l e r i n g  
and heading stages. It i s  also apparent t ha t ,  in the  e a r l i e s t  phase of de- & 
velopment ( t i l l e r i n g ) ,  t he  p r o f i l e  of the m a i n  absorption band of chlorophyll i s  
qu i t e  pronounced, i.e.,  r e f l ec t ion  and transmission of the  red spectrum rays i s  
lowest. A t  the  heading stage,  t he  main absorption band smothes  out,  due t o  a 
decrease in re f l ec t ion  and transmission of orange and yellow rays. 
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TABLE 5 

SPECTRAL BRIGHTNESS COEFFTCIEXTS OF BARLEY LEAVES I N  
REFLECTED AND TRANSMITTED LIGHT 

439 t 048 - 03'i 0.38 o i  I - 02 8 
451 047 - 058 u47 05 1 - - 
4 63 044 - 056 05I 056 - 029 
474 045 - 054 os1 062 - 020 
49 043 - 059 064 0 7 0  - 016 

- - - - - 506 044 0.058 
512 045 072 060 085 034 - 028 
521 060 087 f;68 151 132 - 039 
533 093 118 I26 209 140 - 049 

- - 544 077 1 I8 126 229 
550 08 1 I23 141 239 141 0,064 06.3 
562 081 ' 115 123 '124 128 054 05 I -568 07 7 112 123 314 - - 

-573 074 102 I I8 209 092 018 043 
579 072 112 204 077 027 042 
597 063 15') - __ - .
602 063 083 095 148 O i O  018 031 -608 063 081 085 162 034 - 025 
614 057 076 OS I 155 050 _- 020 
620 0% 069 074 135 012 - 022 
626 05 I 063 069 132 01.1 - 022 -. 

-631 054 064 U64 120 034 - 01s 
637 051 039 064 i 00 026 - 014 -_  

-643 04 1 017 060 I 20 ._ -  -649 03 I 0.31 os2 102 012 - 01 1 -652 023 049 0.39 I 026 - 013 
660 012 010 I 048 053 I 032 - 017 
664 011 008 0 17 078 033 - 018 
667 00s 011 01.5 069 0.34 - 028 

01267 1 - - 045 051 065 149 
675 - - 045 063 112 0.37 076 019 
679 - - 046 1 076 149 056 093 029 
683 - - os1 076 196 I22 1 1 1  04U 
6Y 1 064 os9 068 115 274 208 136 074 
695 138 1 I O  214 - - - 
699 102 174 144 246 322 286 I56 10708' 
703 118 199 186 288 348 280 I62 135 
707 132 219 - - 378 328 154 
715 - - - - 483 415 187 144 
730 - - - - 429 470 I 185 123 

Hence, we can conclude t h a t ,  on t r a n s i t i o n  of t h e  p l an t s  from the  vegeta
t i v e  s tage t o  t h e  reproductive stage,  a decrease i n  r e f l e c t i o n  and transmission 
of so l a r  rad ia t ion  takes  place over t h e  e n t i r e  invest igated region o f  t h e  spec
t rum,  which apparent ly  ensures optimum supply of p l a s t i c  substances t o  t h e  re
productive organs. 
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The observations carr ied out  on different-age leaves  of cabbage, b i rch ,  and 
willow showed t h a t  a decrease i n  r e f l ec t ion  and transmission of s o l a r  energy 
takes  place with progressing l e a f  development (Figs.8, 9, 10; Table 6). On t he  

Fig.6 Curves of Spec t ra l  Brightness of Barley Leaves 
(Hordeum s a t i w m )  i n  Reflected ( A )  and Trans

mitted (B) Rays 
1 - Heading s tage;  2 - Flowering s tage 

a5 KA 
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Fig.7 Curves of Spec t ra l  Brightness of Barley Leaves 
(Hordeum sativum) in Reflected ( A )  and Transmitted ( B )  

Light
I - T i l l e r i n g  s tage;  2 - Heading s tage 

spec t r a l  ref lectance and transmittance curves, t h e  p r o f i l e  of t he  main absorp
t i o n  band of  chlorophyll f o r  young leaves  i s  quite d i s t i n c t ,  due t o  t h e  lowest 
r e f l e c t i o n  and transmission mainly of the  red rays of t h e  spectrum a t  wave
lengths  of  660 - 680 mp. I n  more mature leaves,  t he re  i s  a smoothing out of  t he  
p r o f i l e  of t he  main absorption band of chlorophyll owing t o  a decrease i n  re
f l e c t i o n  and transmission of orange and, p a r t i a l l y ,  of yellow rays. Consequent
l y ,  as the  l e a f  develops from young t o  mature, a change occurs i n  the  p r o f i l e  of 
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t he  m i n  absorption band of chlorophyll, associated wi th  a decrease i n  ref lec
t i o n  and transmission of various rays of the  so l a r  spectrum. 

a3 * a  A , I  

Fig.8 Curves of Spectral  Brightness of Different-Age 
Leaves of Cabbage (Brassica oleracea V. c ap i t a t a  f. 
a lba )  i n  Reflected ( A )  and Transmitted ( B )  Light 

1- Young; 2 - Nature 

500 600 700 

Fig.9 Curves of Spectral  Brightness of fig.10 Curves of Spectral  Brightness 
Different-Age Leaves of White Birch of Different-Age Leaves of the  Goat 
(Betula verrucosa) i n  Reflected ( A )  and Willow (Sal*  caprea) i n  Reflected ( A )  

Transmitted (B) Rays and Transmitted (B) Light 
1 - Young; 2 - Mature 1- Young; 2 - Mature 

Simultaneously w i t h  invest igat ing the  op t i ca l  p roper t ies  of  the p lan ts  a t  
a l l  points  on the meridian, we calculated the  assimilat ion of  these plants.  
Preliminary invest igat ions (Bibl.14, 15, 1 6 )  carr ied out i n  1956 a t  Tiksi  Bay 
and Yakutsk showed an appreciably grea te r  t o t a l  absorption of  so la r  energy by 
the  p lan ts  a t  Tiksi  than by those a t  Yakutsk. Corresponding t o  t h i s ,  t h e  d a i l y  
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TABLE 6 

SPECTRAL BRIGHTNESS COEFFICIENTS OF DIFFERENT-AGE LEAVES OF 
BIRCH, WILLOW,  AND CABBAGE I N  REFLEZTED AND TRAPJStDTTED LIGHT 

-
Birch_ -

L 

(0 

U 
d QU U 1 w  

Y a u  
c U 3:: 

e P '1 
1 2  

.. 

414 8.015 - - - - - 
420 042 - - - - - _- - ,047 ,046 ,056 -

050 047 020 
427 047 - - - - - - - 052 049 030 
439 033 - - ._ - - - - 059 050 - 
451 049 1,026 1,056 ,091 - - - - 060 065 - 
163 049 032 089 09 I - - - - 060 07 I - 
474 052 04q 076 098 I ,063 03I 047 ,084 062 074 - 
494 059 052 089 098 096 - '062 09.3 074 09 I 059 
506 074 063 079 1 IO 093 - 062 076 - _ _  - c 

512 084 OX 4 033 I23 096 105 - 085 08 1 1 I5 121 
52 I - 059 - I32 042 I05 - 050 120 21 4 I74 ,128
533 033 076 05R 235 027 128 032 048 178 302 I74 317 
544 048 I43 I U7 '175 044 1 7 4  0?2 093 186 324 199 347 
550 057 I82 123 2C9 052 204 024 107 195 355 195 324 
562 073 19I 151 ,709 074 229 - 145 191 339 195 309 
568 065 178 138 317 077 229 033 151 182 363 195 302 
573 059 174 132 302 073 224 033 159 174 302 121 283 
579 059 183 120 302 069 204 042 174 169 I82 144 224 
597 049 120 118 296 058 163 066 191 132 229 I38 229 
602 050 1 I8 118 236 056 169 074 224 126 224 141 214 
608 049 1I8 118 179 054 151 077 229 126 246 132 199 
614 049 1 I8 1 I Y  179 054 155 085 252 123 246 126 187 
620 044 I03 1I O  275 0.50 148 085 264 115 224 I26 18'2 
626 044 084 105 257 048 144 079 283 110 209 132 187 
63I 042 087 103 257 047 135 079 2.5I 102 195 109 187 
637 046 087 093 240 045 1'16 077 251 100 182 091 155
643 039 076 09 I 224 039 1 I8 068 224 096 182 604 121
649 035 065 085 199 035 I03 069 224 083 I62 004 os0
652 033 06 1 079 182 035 096 052 199 078 148 004 089 
660 033 055 076 144  027 079 049 162 07 I 110 003 056 
664 033 052 072 135 027 069 059 1 4 1  068 098 - 003
667 031 052 072 1I8 (127 065 058 138 065 09I 007 09 I 
671 031 059 074 I03 027 057 04 2 118 062 083 087 1 R2 
675 036 050 072 098 029 057 016 097 060 081 112 351 
679 042 050 072 096 033 060 047 098 059 078 228 408 
683 042 0.52 074 107 039 060 047 120 068 091 283 447 
691 055 1.50 091 I78 058 100 091 138 085 107 339 4 50
695 073 151 I I8 261 076 143 I26 186 120 347 - 
699 IO0 252 145 399 107 229 174 263 174 347 - 
703 .I 26 289 199 447 111 324 216 347 224 4 07 - 
707 186 372 276 603 118 437 283 526 - - - -

yie ld  of dry substance i n  t h e  T iks i  p l a n t s  exceeded by more than a f a c t o r  of 
1.5 t he  y i e ld  of t h e  Yakutsk plants .  

Our present inves t iga t ions  confirmed this assumption, which w a s  indicated 
by the  above da ta  on t h e  o p t i c a l  cha rac t e r i s t i c s  of t h e  plants.  With respect  Lftz 
t o  photosynthesis, we found t h a t ,  as t h e  p l an t s  advance from South t o  North, 
both t h e i r  mean d iu rna l  rate of photosynthesis and t h e  d a i l y  y i e ld  of dry  sub
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stance increase (Table 7). 

The high r a t e  of  photosynthesis and of severa l  o the r  biochemical and 
physiological processes under aus te re  growing conditions has been noted by a 
number of authors  (Bib1.1, 2, 3 ,  7, 9, 10, 11). 

TABLE 7 

RATE OF PHOTOSYNTHESIS AND DAILY YIELD OF DRY SUBSTAhTCE 
(in gn per 1 m' per  1 hr) 

T i k a i  I Ynkatsk B1 a(-
Y 'FI I 

dP1 a n t a  a 8 
U L 

.d a a* .A Y 
.I ae h n e  

.r( c 
X .r( 

a
I 2 I 

1.17 2.56 28.18 1.69 4.35 40.17 1.62 3,76 38,88 
Bar1 ey  1.37 1 3:;; 1 ~ 2 , 4 4 1  1.67 3.69 40.06 

1,24 29,82 1,55 3,67 37.28 

I ,oo 1.96 21.09 0.93 2 .y3 22.41 
P o t a t o e s  I I i 

~ 

3.09 141.10 
~ __ 

1,60 3.21 35.40 0.74 I ,02 2.62 24: t3 
Radish 1.93 3,95 46,23 1 . 3 4  	 3: 16 32-23 0,77 1.71 IY,58 

1.39 26:911.37 I 2.54 /a3.061 1.12 __- _ _  .. 

C h i n e s e  1.89 3.91 433.5: 0,87 2.48 20.97 
cabbage T,72 4.76 41.93 1.06 2,3Y 25,53 

0 88. . ~1. 1.96 120.221 1.41 3.03 33.84 
I 

1 38 1 2,95 33,30 1,37 3.32 33.04 1.24 2,88 29.97
B i r c h  1I72 3.85 141.551 1.57 4.45 37.87 1.09 3.05 i '24.00_

2,88 30,8U 0,89 2.43 '21 58 
Willow 2,C8 26.25 0.98 3,78 I23i.53 

1.69 19.32 I 

Thus, t h e  high rate of photosynthesis of cabbage and potatoes under trans
polar  conditions w a s  explained by M.N.Goncharik (Bibl.9) by the  high " in tens i ty  
of phototrophy". 

Our da ta  on the  o p t i c a l  adap tab i l i t y  of  p l a n t s  i nd ica t e  t h a t  t h e  r e l a t i v e  
u t i l i z a t i o n  of l i g h t  by p l an t s  increases  w i t h  higher geographic l a t i t u d e  of t h e  
loca le ,  i.e., as the  p l an t s  move from South t o  North. Since the  r e l a t i v e  u t i l i 
zat ion of l i g h t  increases  i n  t h e  North, we are j u s t i f i e d  t o  expect, under these 
conditions, an increase i n  the  i n t e n s i t y  of  t h i s  process which i s  based on the  
assimilat ion of l i g h t ,  i.e., photosynthesis. 

The d a t a  of recent inves t iga t ions  (Bibl.15, 16, 17, 18) and our own ob
servat ions show t h a t  t h e  p l an t s  of t h e  high North u t i l i z e  more f u l l y  so l a r  
energy, including i t s  inf ra red  port ion which i s  used e i t h e r  d i r e c t l y  i n  the  
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process of  photosynthesis, as indicated by A.N.Danilov (Dibl.fL, 5, 6 ) ,  or f o r  
heating of t h e  p l an t s  t o  supply heat f o r  t h e  photoscynthetic process, a s  w a s  
proposed by G.A.Tikhov (Bibl.2L). It i s  also possible  t h a t  thermal in f ra red  
radiat ion,  under t h e  environmental conditions of t h e  North, can be u t i l i z e d  f o r  
o ther  physiological processes (associated w i t h  heat expenditure) such as trans
p i r a t ion ,  f reeing t h e  e n t i r e  v i s i b l e  spectrum region d i r e c t l y  f o r  photosynthesis. 

1 lL.Conclusions & 

j 1. The spec t ra l  p roper t ies  of crop p lan ts ,  growing under d i f f e r e n t  eco
log ica l  conditions, change l i t t l e  i n  t h e  v i s i b l e  spectrum region during t h e  
f i r s t  year of l i f e ,  which can be explained by t h e  conservation of t h e  heredi ty  
o f  op t i ca l  p roper t ies  of plants.  

I 

1 2. A s  cu l t iva ted  p l an t s  advance toward North, t h e i r  r e f l ec t ion  and trans
mission of l i g h t  in t h e  inf ra red  spectrum region decreases, which l eads  t o  en
hanced increment of  t he  vegetat ive mss during the  comparatively shor t  growing 
season i n  the North. 

3. A s  p l an t s  change from the  vegetat ive s tage t o  t h e  reproductive stage,  
a decrease i n  r e f l ec t ion  and transmission of so l a r  rays  of  various spec t r a l  
d i s t r ibu t ion  i s  observed, which apparently provides optimum supply of t h e  re
productive organs w i t h  p l a s t i c  substances. 

lL. In young leaves,  a d i s t i n c t  p r o f i l e  of t h e  main absorption band of 
chlorophyll i s  observed, a s s o c i a t d  with the  lowest r e f l ec t ion  and transmission 
o f  the red raps of the  spectrum. I n  mature leaves,  there  i s  a decrease i n  re
f l e c t i o n  and transmission of l i g h t  energy i n  o ther  spectrum regions, causing a 
s l i q h t  smoothing of  the  p r o f i l e  of t he  main absorption band of chlorophyll. 

5. A s  p lan t s  progress from South t o  North, there  i s  an increase i n  the  
average d a i l y  r a t e  of photosynthesis and the  d iurna l  y ie ld  of dry substance, 
apparently associated w i t h  t h e  g rea t e r  absorption of so l a r  rad ia t ion  by p l an t s  
i n  the  n'orth. 
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OPTICAL PROPEXTIES OF VARIOUS SPECIES OF WI-I.E%T /L6 
A.D.Semenenko 

Il lumination conditions play a b a s i c  r o l e  i n  t h e  formation of p lan ts ,  both 
in ontogeny and during evolutional development. Therefore, t h e  l i g h t  s t a t u s  of 
p l an t s  i s  determined by t h e i r  nature. P l an t s  apparently ass imi la te  l i g h t  energy 
i n  r e l a t ion  t o  t h e  type of nu t r i t i on  and metabolism. 

d i f f e r e n t  ass imi la t ion  apparatus, r e su l t i ng  i n  the  f a c t  t h a t  d i f f e r e n t  p l an t s  


Consequently, they have a 

will show a d i f f e r e n t  r e l a t i o n  between t h e  pigments and t h e  protein- l ipid com
plex and d i f f e r i n g  r a t i o s  of atoms i n  t h e  chromophore groups. 

Even i n  the  same plan t ,  t h e  o p t i c a l  p roper t ies  may vary during the  course 
of a day, since the  f luc tua t ions  i n  i l lumination, temperature, and o the r  f a c t o r s  
cause changes i n  t h e  regrouping of atoms i n  t h e  chromophore groups, phototaxis,  
and phototropism. 

To study t h e  cha rac t e r i s t i c s  of t h e  o p t i c a l  p roper t ies  of p lan ts ,  spectro
photometric inves t iga t ions  w e r e  carr ied out  on var ious species of wheat a t  the  
Alma-Ata S t a t e  Select ion Station. 

The experimental plants ,  sown a t  t h e  same time i n  adjacent p lo ts ,  grew and 
developed under s imi la r  conditions. 

The spectrograms of a l l  invest igated p l an t s  and of t h e  plaster-of-Paris  
screen were obtained on Ju ly  12 a t  l4:OO - 14:15 by means of a quartz spectro
graph on t h e  same T a n  Infra" photographic p l a t e  (experimental). The wheat was 

Fig.1 Curves of t h e  Spec t ra l  Brightness of Wheat 
i n  Reflected Light 

1 - Spe l t ;  2 - Triticum monococcum; 3 - T r .  miltunun; 
I& - T r .  melanopus 

spectrographed a t  the  same developmental s tage and a t  t h e  same angle of illumina
t i o n  in three  rep l ica t ions .  
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The r e s u l t s  of  t he  spectrophotometric s tud ie s  showed t h a t  d i f f e r e n t  wheats 
absorb l i g h t  energv d i f f e ren t ly ,  p a r t i c u l a r l y  rays  of t he  ee reme  red, depending 
on t h e i r  heredity traits. 

Fig.2 Curves of Spec t ra l  Brightness of Wheat i n  
Transmitted Light 

1 - Spel t ;  2 - T r .  monococcum; 3 - Tr.milturum; L - T r .  
melanopus 

Low brightness  coe f f i c i en t s  i n  t h e  v i s i b l e  spectrum region a r e  a common 
cha rac t e r i s t i c  fea ture  of  t he  o p t i c a l  p roper t ies  of t he  investigated wheats i n  
the  South (Table 1). Their  spec t r a l  br ightness  curves a r e  smoothed out  ( see  
r"gs.1, 2). The p r inc ipa l  absorption band of chlorophyll  i s  wide and merges 
with o ther  absorption bands. The r i s e  of t he  "a1brightness  in,t he  green*. 

region i s  o n l y  f a in t .  A maxiiium of  l i g h t  absorption i s  noted i n  u l t r a v i o l e t  and 
red rays. 

TABLE 1 

SPECTRAL CHARACTERISTICS OF WHEAT V A R I E T I E S  
THE FAR-RED RECIOTd 

Tr. ape1 t m .  

Tr.monococcum 

Tr. mil turum 282 048 234 

Tr. me1 anopus I44 I I44  032 1 112 


T r a n s m i t t e d  Rays 

T r . a p e l t a  1 O . $ l t (  0.420 
I 

0.518 
Tr. monococcum I 177 OHI I77 
Tr. m i l  turum j 075 OS5 07 1 
Tr. m e 1  snopus , 0 9  0 3  0.59 

I N  

0,223 

I24 
195 
IO0 


0 . 2 2 t  
084 
042 
03I 



Dis t inc t ive  cha rac t e r i s t i c s  of t he  o p t i c a l  p roper t ies  of wheat w e r e  defined 
mainly in t h e  long-wave spectrum region, i.e., they are distinguished by t h e  de
gree of absorption of t h e  l i g h t  energy of far red and near-infrared rays, which 
i s  associated with t h e  nature  of t h e  p lan t ,  i t s  heredity.  For example, s p e l t  i s  
close i n  o r ig in  t o  c o m n  wheats. It has high br ightness  coef f ic ien ts  i n  t h e  /lL7 
long-wave spectrum, i.e., it appreciably r e f l e c t s  rays  of t he  extreme-red region 
(Table 1). 

Triticum monococcum - a wild mountain plant.  I t s  ancestors  grew i n  the  
cold mountain regions without i r r i g a t i o n ,  on t h e  s lopes and plateaus of  Asia 
Minor, i n  t h e  Balkans, i n  Syria ,  Armenia, t h e  Carpathians, etc., u t i l i z i n g  
short-day so la r  energy. The nature of t h i s  wheat p l an t  developed under the  

I 

Fig.3 Curves of  Spec t ra l  Brightness of Wheats i n  
Reflected and Transmitted Light 

Triticum spe l ta :  1- I n  re f lec ted  l i g h t ;  
2 - I n  transmitted l i g h t .  Tr .  monococcum: 
3 - I n  re f lec ted  l i g h t ;  L - I n  t ransmit ted 
l i gh t .  Tr .  melanopus: 5 - I n  r e f l ec t ed  

l i g h t ;  6 - I n  transmitted l i g h t  

aus te re  conditions of high mountainous regions, where t h e  p l an t s  were forced t o  
absorb a maximum of l i g h t  energy. Evidently, i t s  ancestors  absorbed far-red 
rays, and photosynthesis proceeded i n  t h e  long-wave spectrum region. This per
mits  t h e  assumption t h a t  Tr .  mnococcum is  dis t inguished by a high conservation 
of heredi tary traits and has  re ta ined t h e  o p t i c a l  p roper t ies  of i t s  ancestors 
even t o  t h e  present day. 

Triticum melanopus - a durum wheat. This species  belongs t o  the  steppe-
ecological group of wheats. It i s  distinguished by low brightness  coef f ic ien ts  
i n  the  long-wave region of t h e  v i s i b l e  spectrum i n  comparison w i t h  o ther  wheats 
(Table 1). Evidently, t he  evolution of  Tr .  melanopus proceeded i n  t h e  d i rec t ion  
of u t i l i z i n g  far-red rays f o r  photosynthesis, which e x p l a i n s i t s i n t e n s e  absorp
t i o n  of long-wave red and near-infrared rad ia t ion  even on a s u l t r y  Ju ly  day /l& 
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during the  noontime hours. 

Triticum milturum - a common spring wheat .  The op t i ca l  p roper t ies  of t h i s  
species a re  characterized by higher coef f ic ien ts  of r e f l ec t ion  of l i g h t  enerm 
i n  t h e  v i s i b l e  spectrum. 

The c o l - m  headings i n  Table 1 have the  following meaning: ha,denotes 
t?,e coef f ic ien t  of m a x i m a l  br ightness  i n  far-red rays;  kini s  the  br ightness  
coef f ic ien t  of  the  lowest po in t  of the  spec t r a l  curve, i n  the region of t h e  
main absorption band of chloroph.-~ll. 

The quant i ty  S! denotes a rise of t he  curve i n  the  far-red rays. This 
r i s e  i s  equal t o  the  difference between the  hiqhest point  of t h e  peak b,, and 
K, i n  i n  the  region of the  chlorophyll absorption band, so t h a t  E1 = &., 
- K, n. The quant i ty  KaV denotes t h e  average br ightness  coeff ic ients .  

The spec t ra l  cha rac t e r i s t i c s  of t he  wheats i n  the  long-wave spectrum 
region, given i n  the Table, show that d i f f e r e n t  wheats,at t he  same developmental 
stage and growing under similar conditions,  exhib i t  d i f f e r e n t  op t i ca l  proper
t i e s .  Consequently, they ass imi la te  l i g h t  energy d i f fe ren t ly .  High br ightness  
coef f ic ien ts  both i n  re-flected and i n  transmitted l i g h t  a r e  observed f o r  T r .  
spe l ta ,  whereas both T r .  monococcus and melanopus r e f l e c t  and transmit l i g h t  
energy t o  an appreciably l e s s e r  degree. lhereas  the  average br ightness  coeffi
c ien t  o f  s p e l t  reached K,, = 5.223, it was K,, = 0.124 for T r .  monococcus and 
YL, = L.100 for T r .  melanopus. The br ightness  coef f ic ien t  a t  a wavelength of 
722 for s p e l t  was K,22 = G.536; for T r .  monococcus K,,, = 0.270; f o r  T r .  melano

=PUS, K,..o.141,. 

Thus p l an t s  under iden t i ca l  environmental conditions ass imi la te  l i g h t  
energr d i  f f  erent1:r (Fig. 3 ). 

The da ta  of t h e  spectrophotometric observations confirm previous investiga
t ions  (Eibl.1) concerning the  f a c t  t h a t  the  op t i ca l  p roper t ies  a re  conservative 
desp i te  t h e i r  l a b i l i t y .  They a re  formed during evolutionary and ecological de
velopment and a r e  transmitted by heredit:r. When t h e  metabolism of‘ p l a n t s  changes, 
t h e i r  op t i ca l  p roper t les  change. 
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SPECTRAL BRIGHTNSS OF THE WHEAT LEAF AJTD SPIKE /L9 
A.D.Semenenlio 

It i s  commonly considered t h a t  green leaves of p l an t s  rnairily photosyn
thesize.  It i s  assumed t h a t  reduced p lan t  leaves,  f o r  exanple green aw.s z ,d  
glumes, a l so  somehow p a r t i c i p a t e  i n  photosynthesis. However, t he  l i t e r a t u r e  
contains no spec i f i c  inves t iga t ions  on t h i s  subject.  

To stGdy t h e  op t i ca l  p roper t ies  of spikes - t o  what  extent  and what rags of  
so l a r  rad ia t ion  they u t i l i z e  - we invest igated t h e  spec t r a l  br ightness  of the  
spike and leaf of the  Alban branched wheat (poulard). 

The inves t iga t ions  were carr ied out  i n  August 1957 by a method of  r e l a t i v e  
spectrophotometqT i n  the  t ranspolar  region, in t h e  t e r r i t o r y  of the  experimental 
section of t he  Polar-Alpine Botanical Gardens of t he  USSR AcadenIy o f  Sciences, 
3 Lm from the  Apatity s t a t i o n  of t he  Kirovsk r a i l road  and 1 km from Lake Imandra. 

In  order  t o  br ing  cerea ls  i n t o  the  t ranspolar  region, a conventional pro
cedure i s  t o  breed northern plant  v a r i e t i e s  w i t h  a short growing season which  
would be capable of maximum u t i l i z a t i o n  of t he  high i n t e n s i t y  0 5  inso la t ion  
there ,  namely, t he  continuous s o l a r  energy flux l a s t i n g  t h e  L5 days o f  the  
summer s o l s t i c e  when the  sun rises t o  45 - 46' and does riot set below the  hori
zon. The abundance of  l i g h t  during the  polar  day ensures a rapid development 
of vegetation i n  the  t ranspolar  Tegion; however, sometimes the  low temperatures 
cause changes i n  the  pigment system of t h e  plants .  It i s  known t h a t  plar, ts  
rapidly adapt t o  changes i n  c l imat ic  conditions, owing t o  t h e i r  l ab i le  pigment 
system. 

In  the  f i e l d ,  among cul t iva ted  herbaceous p l an t s  and wheats, it i s  of ten  
observed t h a t ,  during t h e  thaw,  t h e  more i l luminated s ide  of t h e  leaves (upper 
o r  lower) acquires  a v i o l e t  co lor  while t h e  opposite s ide  remains green f o r  a 
long time. For example, upon a drop i n  a i r  temperature and i n  the  presence of 
intense d i f fuse  inso la t ion ,  t h e  leaves  of corn, whortleberries,  t he  s t e m s  of  
potatoes, and the  awns and glumes of  wheat change t o  a v i o l e t  color  on the  sunny 
side. It i s  important t o  def ine the  r o l e  played by t h e  v i o l e t  color i n  p l an t s  
and what rays  it absorbs. 

In  t h i s  case, t he  massive coloring on the  sun-eqosed s ide of t h e  spikes 
of  poulard i n  v i o l e t  l i g h t  during t h e  grain formation s tage i s  evidently useful  
and i n d i r e c t l y  promotes rapid maturation of  t he  gra ins ,  c rea tes  cer ta i r ,  radia
t ion  conditions, and enhances the  metabolism of t he  plant.  

A t  a young age, and espec ia l ly  a t  the  flowering stage,  cerea ls  in tense ly  
absorb short-wave rays, which a r e  needed f o r  growth, resp i ra t ion ,  and t rans
locat ion of  various substances and p a r t i c l e s ;  i n  pa r t i cu la r ,  they d i r e c t  photo-

/50 
taxis, promote t h e  accumulation of protein,  e tc .  (Bibl.2, 3 ) .  However, when 
the p l an t s  complete t h e i r  growing season, i .e. ,  a t  t he  grain-forming stage,  
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v i o l e t  rays evidently have an adverse e f f ec t  so t h a t  t he  p l an t s  r e f l e c t  these 
rays. 

Certain researchers consider t h a t  p l an t s  u t i l i z e  u l t r a v i o l e t  rays  as pro
t e c t i v e  rays and acquire a v i o l e t  color  as a consequence of t h e  accumulation of 
anthocyanins as complementary energy absorbers. It can be assumed t h a t ,  i n  a 
young p lan t ,  extreme short-wave rays a re  benef ic ia l  f o r  t h e  organism, whereas 
during the  aging s tage of t h e  l e a f ,  when the  chlorophyll i s  gradually released 
from t h e  l ipopro te in  complex, they a r e  harmful s ince they can acce lera te  t h i s  
process of  breakdown. For t h i s  reason, during the  f a l l  o r  spring, t h e  p lan ts ,  
being protected from l o w  temperatures and the  des t ruc t ive  ac t ion  of short-wave 
rays ( i n  the  presence of high inso la t ion) ,  acquire a v i o l e t  color owing t o  the  
enhanced formation of anthocyanins. 

To study t h e  rad ia t ion  conditions of poulard, we investigated t h e  spec t ra l  
br ightness  of  t he  v i o l e t  and green s ides  of t h e  wheat spike i n  re f lec ted  l i g h t  
and a l so  the upper l e a f  of t h i s  p l an t  i n  re f lec ted  and transmitted l i g h t .  This 
made it possible  t o  def ine whether  t h e  spike, during t h e  grain formation stage,  
i s  provided w i t h  t h e  sane p l a s t i c  substances taken up from the  leaves,  and t o  
w h a t  extent it addi t iona l ly  ass imi la tes  l i g h t  energy. 

It i s  known t h a t  each leaf l e v e l  has  i t s  own b io logica l  s ignif icance and 
pa r t i c ipa t e s  d i f f e r e n t l y  i n  the  process of photosynthesis. A t  t he  grain-forma
t i o n  and ripening s tage,  t h e  upper leaf plays t h e  major r o l e  i n  photosynthesis. 
The photosynthetic products of  t h e  upper l ea f  en te r  i n t o  the  spike. The purpose 
of our inves t iga t ion  was t o  study t h e  spec t ra l  br ightness  of  t he  wheat spike. 

Spectrophotometric inves t iga t ions  were made with a standard f i e l d  spectro
graph. The p l an t s  were spectrographed i n  re f lec ted  and transmitted l i g h t  a t  an 
angle of 2 6  from the  normal, w i t h  respect  t o  t he  axis of t h e  coll imator,  and 
a t  an azimuth of L5'. For t h i s  purpose, we used attachments which permitted 
spectrographing unattached leaves  a t  d i f f e r e n t  l i g h t  i n t ens i t i e s .  

The invest igated leaf ,  o r  plaster-of-Paris  screen, w a s  placed i n  a frame 
mounted i n  a disk. The d isk  with the  frame could be turned by means of a sun-
seeker through any angle t o  the  incident  l i g h t ,  along the  horizontal  axis. 
Furthermore, t h e  frame i t s e l f  a l s o  was ro ta tab le  about t h e  v e r t i c a l  axis. The 
frame and d isk  are ro ta ted  w i t h  respect  t o  a d i a l  with d iv is ions  of 10 - 20'. 

The l i g h t  transmitted by t h e  leaf w a s  spectrographed with a d i f f e r e n t  
spec ia l  attachment. The frame i n  which t h e  l e a f  was placed w a s  covered with a 
l ightproof material which permitted turning it through any angle, up t o  70°, 
r e l a t i v e  t o  the  incident  l i g h t .  A sunseeker was welded i n t o  t h e  frame. The 
middle of both frames w a s  centered with t h e  s l i t  of t he  spectrograph and w a s  
placed one obzect d i s tance  away, taking t h e  so l id  angle i n t o  consideration. 

The l e a f  and spike were not detached during spectrographing. 

The spectrophotometric inves t iga t ions  showed t h a t  in every case a t  t h e  
s tage of  milk ripeness,  t he  spike ( i ts  green s ide )  absorbs l i g h t  energy more 
in tense ly  than the  upper green leaf. 
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The Alban poulard (branched wheat) does not  f u l l y  mature under t ranspolar  
conditions, s ince it does not have su f f i c i en t  l i g h t  energy. The Alban wheat 

Fig.1 	 Spect ra l  Brightness of t h e  Upper Leaf of t h e  Alban 
Poulard i n  Reflected and Transmitted Light 
1- I n  r e f l ec t ed  rays;  2 - In transmitted 

never has become adapted t o  assimilate s o l a r  rad ia t ion  a t  more accelerated r a t e s  
o r  t o  use thermal and green rays  l i k e  wild plants .  A s  indicated by the  curve /51 

TABLE 1 

SPECTRAL BRIGHTNESS COEFJ?ICIENTS OF THE ALSAN P0ULAR.D 

1 -
Leaf 

I --I S p i k e  ( R e  e c t i o n )  

D e f l e c t i o n  (Transmiss ion  1 Absorpt ion I Green S i d e  V i o l e t  S i d e-
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395 

0,053 
1GO 

-
.-

0,947
840 
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088 

0,819
366 
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440 
460 
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G ,  006 
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873 
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283 
31 1 
243 
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536 259 033 629 033 354 
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582 072 040 888 065 177 
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648 07 I 017 912 080 192 
660 
670 

067 
063 

012 
012 
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073 

179 
142 

680 079 086 867 086 188 
685 
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215 
310 
31 I 
142 

196 
089 
142 
223 
371 
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of  spec t r a l  br ightness  (Fig. l ) ,  t h i s  wheat reflects thermal as w e l l  as green 
rays uneconomically. The p l an t  mainly u t i l i z e s  yellow4range and red rays. 

The comparatively high r e f l e c t i o n  coef f ic ien ts  of t he  e n e r a  of short-wave 
rays,  shown i n  Table 1, ind ica t e  t h a t  t h e  p lan t  has not  adapted t o  the  rad ia t ion  
coriditions of t ranspolar  regions. Short-wave rays a re  needed f o r  gra in  forma
t ion  and f o r  pro te in  accumulation, and i f  t h e  p l an t  does not completely assimi
l a t e  the  required energy, it will not  have t i m e  t o  mature. 

If the  anatomicomrphological cha rac t e r i s t i c s  and t h e  o p t i c a l  p roper t ies  
of the  l e a f  do not  conform t o  t h e  new environmental conditions and do not  f u l l y  
adapt t o  them, t h e  p i c tu re  obtained f o r  t h e  spike will be d i f f e ren t .  

0.6 


0.4 ' 

02 ' 

Fig.:! Spec t ra l  Brightness of t he  Green and Violet  
Sides  of t h e  Spike of Alban Poulard 

1- Viole t ;  2 - Green 

The v i o l e t  s ide of t h e  head r e f l e c t s  more l j g h t  energy than t h e  green /52
side,  T h i s  i s  because the  green glumes and awns of the  head absorb more l i g h t  
energy than the  v i o l e t  ones. 

However, this does not explain why t h e  green s ide of a spike absorbs more 
so l a r  rad ia t ion  than t h e  green upper l e a f .  

The v i o l e t  s ide  of t h e  spike, as shown by the  spec t ra l  br ightness  curve, 
completely r e f l e c t s  v i o l e t  rays  and far-red rays, and appreciably r e f l e c t s  blue-
green. The p r o f i l e  of t he  curve i s  tor turous  owing t o  t h e  presence of absorp
t i o n  bands ( the  main absorption band i s  a t  h = 660 - 680 m p ;  second band is  a t  
>, = 616 - 630 mw; and t h e  t h i r d  a t  ). = 570 - 580 mp). This i nd ica t e s  t h a t ,  al
though t h e  glumes of t h e  spike are v i o l e t ,  they contain a l s o  o the r  pigments: 
chlorophyll, carotenoids ( t h e  main absorption band of carotene i s  a t  h = 
= 490 mw), etc.  

The br ightness  coe f f i c i en t s  obtained upon spectrographing t h e  green s ide 
of t h e  spike (Table 1)have t h e  opposite significance.  The curve of t h e  br ight
ness coef f ic ien ts  as a funct ion of  t h e  wavelength i s  located lower, with respect  
t o  axis  of  abscissas , than t h e  spec t r a l  curve of t h e  v i o l e t  s ide  of t h e  spike 
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(Figs.1 - 3 ) .  Its p r o f i l e  i s  r e l a t i v e l y  smooth, without subs tan t ia l  r-al re
f l e c t i o n  peaks i n  the  greer, and extreme-red regions of  t h e  s p e c t m .  There a r e  
no d i s t i n c t  absorption bands; they blend i n t o  
ness coef f ic ien ts  i n  t h e  green and extreme-red 
the  p lan t  in tense ly  assimilates these rays. 

Ud 

0.6 


a4 . 

a general  curve. The low bright-
regions (Table 1)indica te  t h a t  

# 
I 
I 

I 
'I 
I 
I 

I 
I 
I 

Fig.3 Spec t ra l  Brightness of  t h e  Upper Leaf and Green 
Side of  t h e  Spike of Alban Poulard 

1 - Leaf, 2 - Spike 

Eow does one explain t h e  f a c t  t ha t  t h e  green s ide  of  t h e  spike absorbs 
l i g h t  energ j  more in tense ly  than the  l ea f?  Could t h e  anatomicomorphological 
proper t ies  change and become adapted t o  new environmental conditions more rapid
l y  than those of leaves3 Does t h e  v i o l e t  color  promote an in tense  absorption 
of l i g h t  energy? 

It i s  possible  t h a t  anthocyanins, themselves not d i r e c t l y  pa r t i c ipa t ing  in 
photosynthesis, as indicated by t h e  br ightness  coef f ic ien t ,  i n d i r e c t l y  promote 
assimilat ion of l i g h t  energy. I n  sone manner they a c t  on t h e  metabolism, in
creasing i t s  ra te ,  It i s  known t h a t ,  i n  t he  presence of anthocyanins, t he  
percent of soluble sugars and of polysaccharides, as w e l l  as  the  rate of redox 
processes, resp i ra t ion ,  e tc .  increase,  which leads  t o  an increase i n  t h e  in- /53
t e n s i t y  of  assimilation. 

Anthocyanins a re  formed a t  low temperatures and high inso la t ion ,  i n  t h e  
presence of abundant u l t r a v i o l e t  rays ( i n  mountains and i n  t h e  t ranspolar  
region). Evidently, they promote higher metabolism and in tense  absorption o f  
l i g h t  energy by chlorophyll. 

P l an t s  t h a t  have acquired a v i o l e t  color  repulse t h e  u l t r a v i o l e t  rays  t h a t  
a r e  harmful a t  t h a t  t i m e  and u t i l i z e  the  extreme-red and inf ra red  rays instead. 

The exclusion of extreme short-wave rays a t  the  c r i t i c a l  time of p lan t  l i f e  
helps t o  increase t h e  rate of absorption of t h e m 1  red and inf ra red  rays by t h e  
l ea f  o r  spike, The br ightness  coef f ic ien ts  showed t h a t  t h e  green s ide  of t h e  
spike absorbs l i g h t  rad ia t ion  of the  v i s i b l e  spectrum more intensely,  and i n  
p a r t i c u l a r  thermal rays,  than t h e  green leaf of t h e  same plant .  
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I: 

The r e s u l t s  of  t he  inves t iga t ion  permit t h e  assumption t h a t  po lar  plants,  
similar t o  a lpine p lan ts ,  possess grea t  p l a s t i c i t y  and capacity f o r  chromatic 
adaptation. 

Conclusions 

1. The Alban branched wheat in tense ly  absorbs l i g h t  energy i n  t h e  red and 
orange-red region, but  this i n t e n s i t y  i s  not su f f i c i en t  f o r  complete maturation. 
Not having time t o  become adapted t o  the  polar  day, t h e  p l an t  repulses thermal  
rays  although i t s  nature ,  as the  o p t i c a l  p roper t ies  of t h e  green s ide  of t h e  
spike indicate ,  should be  modified toward u t i l i z a t i o n  of thermal rays  (extreme 
red and infrared) .  

2. The r e s u l t s  of t h e  inves t iga t ion  showed t h a t  t h e  spike, a t  t h e  period 
of green m t u r a t i o n  (more exactly,  a t  t he  milky r ipe  s tage) ,  in tense ly  absorbs 
the  l i g h t  energy of t h e  e n t i r e  spec t ra l  d i s t r ibu t ion  in t h e  v i s i b l e  region 
(from I = 390 t o  756 m p ) .  Intense assimilat ion of s o l a r  rad ia t ion  ind ica tes  
t h a t  t he  metabolism of t h e  spike, a t  t h e  gra in  maturation stage,  i s  elevated and 
resp i ra t ion  i s  increased. It would be des i rab le  t o  prevent mutual shading of 
the  spikes so t h a t  t he  secondary growth could more f r e e l y  and f u l l y  u t i l i z e  
l i g h t  energy, since,  apparently,  t h e  secondary growth cannot mature because of 
t he  lack of l i gh t .  
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OPTICAL PROPERTIES OF ETIOLATED OATS 

A.D.Semenenko 

Spectrophotographic inves t iga t ions  of o a t s  ( ,e t iolated and green leaves)  
w e r e  car r ied  out  by a standard f i e l d  spectrograph, using t h e  method of r e l a t i v e  
spectrophotometry. The inves t iga t ions  were made i n  August 1957 a t  t h e  Experi
mental Section of t h e  Polar-Alpine Botanical Gardens, USSR Acadeqy of Sciences, 
on Kola Peninsula, 3 km from the  Apatity s ta t ion.  

The amount of pigment i n  t h e  leaves of the experimental p l an t s  w a s  deter
mined simultaneously with the  spectrum analys is  (V.S.Shaydurov, I n s t i t u t e  of 
Plant  Physiology, USSR Acadeqy of Sciences, Laboratory of Evolutionary Ecology 
and Phys io loa ) .  The amount of pigment was determined by paper chromatography 
(accd. t o  Sapozhnikov) with t h e  a id  ofanFM-M photoe lec t r ic  colorimeter. 

The spectrograms of t he  p l an t s  were processed on t h e  PI-2 microphotometer 
a t  the  Astrobotany Sector  of t h e  Kazakh SSR AcadenTy of Sciences. 

The obtained r e s u l t s  showed t h a t  t h e  amount of pigment increases  with ex
posure of the  e t i o l a t e d  p l an t s  t o  l i g h t  (Tables 1 - 3). This causes a corre
sponding broadening of t he  absorption bands of t h e  pignents on the  spec t ra l  
curves. 

The results of t h e  spectrophotometric s tudies ,  y ie ld ing  da ta  on the  process 
of adaptation of e t i o l a t e d  p l an t s  t o  i l lumination, agree w i t h  t he  l i t e r a tGre  
data.  

Hubbenet, who studied q-day-old e t io l a t ed  wheat seedlings,  observed a 
gradual adaptat ion of t h e  e t io l a t ed  p l an t s  t o  an increase i n  l i g h t  in tens i ty .  

N .V .Lyubimenko believed t h a t  t he  adap tab i l i t y  of e t i o l a t e d  p l an t s  t o  b r igh t  
i l luminat ion i s  due t o  an increase in the  number of enzymes and t o  t he  formation 
of a pigment complex i n  l i g h t ;  he a l so  postulated t h a t  t h e  rapid change o f  redox 
processes i n  t h e  protoplasm, on t r a n s f e r  of t h e  e t i o l a t e d  p l an t s  from the  dark 
t o  l i g h t ,  induces var ious conversions o f  pigments i n  t h e  p l a s t i d s  as well  a s  
migration and reorganization of molecules i n  t h e  chromophore groups. 

An increase i n  t h e  amount of chlorophyll and carotene accumulation on ex
posure of e t io l a t ed  leaves t o  l i g h t  w a s  observed by Lebedev. Western s c i e n t i s t s  
Seybold and Egle, Beck and Nagel demonstrated t h a t  xanthophylls a r e  formed most 
i n  e t io l a t ed  p l an t s  i n  l i g h t .  Blau-Jansen, Komen, and Thomas proved t h a t  t h e  
quant i ty  of carotenes i n  8-day-old oa t  seedlings increases  i n  proportion t o  
l i g h t  in tens i ty .  This was  a lso confirmed on wheat seedlings which were  in- /55 
vestigaked by Barrenshin, Pani ,  e t  al. [ c i t ed  by T.W.Goodwin, ( B i b l . l ) ] .  

The pa t t e rn  of changes i n  the  spec t r a l  cha rac t e r i s t i c s ,  obtained by us both 
i n  the  region of t h e  chlorophyll and carotene absorption bands and over t h e  
e n t i r e  v i s i b l e  spectrum, showed t h a t  t h e  e t io l a t ed  p l an t  adapts t o  conditions of 
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TABLE 1 

OPTICAL PROPERTIES OF OATS 

~~ 

Yellow Green 

-. _--- I
I Ref lec t ion  I Trannsmiasion sorpt ion

395 1.14s 0,111 0,104 0,027 0.048 - 1,798 0,811 0.856 
410 212 138 105 031 062 - 707 770 866 
440 196 119 096 049 056 - 725 795 a74 
480 228 129 094 058 065 0,008 684 777 868 
490 232 126 087 072 079 010 665 765 872 
500 267 134 ~. 005 005 012 698 831 875. ~ .  083 
536 212 182 119 645 610 796 
550 212 179 113 

! 
635 591 796 

567 241 196 090 101 I 131 I 051 628 643 829 
582 235 09 1 124 037 644 664 843 
602 246 076 089 1 037 648 698 853 
611 286 200 0 77 076 096 032 608 679 860 
630 237 IS6 070 054 I 024 679 825 850 
640 246 179 071 019 774 738 880 
648 258 161 066 048 0.54 017 664 756 887 
660 230 145 059 0 4  2 016 I 011 698 779 900 
670 210 I10 053 039 042 011 722 818 906
680 252 I55 056 043 013 015 675 772 899 
685 209 145 055 036 083 027 725 742 I )R8 
690 224 192 074 038 178 022 708 GOO 873 
700 25 1 219 131 039 178 032 680 573 807 
710 276 243 176 051 045 04  2 649 675 753 
721 52I 289 258 091 107 078 358 574 635
74I 575 298 321 1 I6 1 63 14 1 279 494 504 
756 I38 369 293 741 377 539 

09" I 224 I 138 

i l luminat ion not j u s t  by an increase i n  t h e  amount of pigment (Bibl.3). 

The drooping br ightness  curves, f o r  example, i n  t he  short-wave port ion of  
t he  spectrum (Fig.1) i nd ica t e  a u t i l i z a t i o n  of blue and v i o l e t  rays by the  
p lan t ,  which increases  t h e  i n t e n s i t y  of  t he  resp i ra tory  enzymes and i n  general  
t h e  enz;yrrwtic a c t i v i t y  of  p l a s t i d s ,  t h e i r  sh i f t i ng  i n  t h e  c e l l ,  movement of  

0.47KA 

Fig.1 Curves o f  Spec t ra l  Brightness of Oats 
i n  Reflected Light 

1 - Et io la ted  white leaf; 2 - Etiolated yellow 
l e a f ;  3 - Green cont ro l  leaf 
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p a r t i c l e s ,  and reor ien ta t ion  of molecules i n  t h e  chromophore groups, i n  d i f f e r 
en t  re la t ionships  of t h e  plas,tid pigments with pro te in ,  etc.  

The enzymatic a c t i v i t y  of p l a s t i d s  plays a major r o l e  i n  the  adaptive re
ac t ions  o f  e t io l a t ed  p l an t s  t o  l i g h t  conditions. The p l a s t i d s  a r e  coacervates 
of v i t a l l y  important substances: proteins ,  l i p i d s ,  mineral elements, pigments, 
vitamins, and enzymes. They ac t ive ly  reac t  t o  environmental changes. 

Fig.2 Spec t ra l  Brightness of Et io la ted  Yellow Oats 
1 - I n  transmitted rays;  2 - I n  absorbed rays 

Fig.3 Curves of Spectral  Brightness of Oats 
i n  Transmitted Rays 

1 - O f  green oa t s ;  2 - O f  e t i o l a t e d  white oats.  
Absorption curves of oa ts :  3 - Et io la ted  w h i t e  

oa ts ;  lL - Green o a t s  

The curves of t h e  spec t r a l  br ightness  show t h a t  t h e  op t i ca l  p roper t ies  /56
of  e t io l a t ed  o a t  p lan ts ,  during the  accumulation of pigments i n  l i g h t ,  a r e  un
s t ab le  (Figs.1 - 3 ) .  Probably, t h i s  can be explained by the  f a c t  t h a t  t h e  
heredity of o a t s  had evident ly  been somewhat dis turbed during acclimation t o  the  
t ranspolar  region. 

The e t io l a t ed  p l an t s  with t h e  disturbed pigment system and shattered heredi
t y  are good p l a s t i c  material for t h e  p lan t  breeder. They can adapt eas i ly  and 
quickly t o  the  l i g h t  conditions of  t h e  t ranspolar  region. Furthermore it w a s  
noted t h a t ,  under t h e  unique cl imat ic  conditions of t h e  t ranspolar  region with 
t h e  high atmospheric humidity and high in so la t ion  i n  t h e  region of t h e  Apatity 
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s t a t ion ,  e t i o l a t i o n  of a r t i f i c i a l l y  shaded p l an t s  (oats ,  radishes)  and t h e  sub
sequent res tora t ion  and new formation of t h e i r  pigment system i n  d i r e c t  l i g h t  
under f i e l d  conditions, take place rapidly. Thus, it seems t h a t ,  t o  acce lera te  
acclimation of southern p l an t s  t o  t ranspolar  conditions, t h e  sprouts of p l an t s  
of t h e  first and second year  of sowing should. be shaded f o r  a short  time. 

TABLE 2 

AMOUNT OF PIGVNT IN OAT LEAVES ( i n  mg per  100 g m )  
OF FRFSH SUESTANCE 

Yellow O a t s  1 1 R a t i o  of  &ount 
Type o f  P i p e n t  ( n o t  Completely Green Oata ( o f  Pigment to ~ ~ ~G Oats~I E t i o l a t e d )  

E t i o l a t e d  O a t s )  

Chlorophy l l  a b 3.54 150.0Car0 t ene  0.62 15.5 1 42::;1.ut e i n  
v io l  mxanthin 1.51 12.5 8.3 

0.37 5.2 ' 11.2 

TABLE 3 

RATIO OF ANOUPIT OF P1C;MENT IN OAT LBVES ( i n  mg per  100 gm)
OF FRESH SUBSTANCE 

-
E t i o l a t e d  

o a t s  
Green o a t s  

The slope of  t h e  spec t r a l  br ightness  curve of  e t i o l a t e d  o a t s  i s  streaked 
by t h e  narrow absorption bands of  pigments, j u s t  as i s  t h e  case f o r  e t io l a t ed  
hybrid tomato. The absorption curve of white e t io l a t ed  o a t s  i s  somewhat lower, 
w i t h  respect  t o  t he  abscissa ,  than the  absorption curves of t h e  yellow and green 
leaves of oats. Three main bu t  f a i n t  absorption bands of chlorophyll i n  t he  red 
port ion of t he  spectrum and t h e  absorption band of carotene a t  a wavelength ?.. = 
= 500 mwwere noted. There w a s  a l s o  an appreciable r e f l e c t i o n  of t h e  energy of 
long-wave rays i n  comparison with a green plant.  

After t h e  e t i o l a t e d  p l an t  had been placed i n  t h e  l i g h t ,  i t s  op t i ca l  proper
t i e s  changed as a result of t h e  formation of t h e  pigment system. The quant i ty  
of pigments increased and t h e  leaves acquired a greenish-yellow color. 

The absorption curve of t h e  yellow o a t s  shows d i s t i n c t l y  expressed absorp
t i o n  bands of chlorophyll and carotenoid. The absorption coe f f i c i en t s  i n  t h e  
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short-wave port ion of t h e  spectrum and i n  the  region of red rays increase ap
preciably,  which ind ica t e s  an accumulation of pigments. The r e f l ec t ion  curve 
of t h e  yellow oa t  l e a f  i s  much lower, with respect  t o  t h e  abscissa ,  than the  /57 
curve of the  w h i t e  e t i o l a t ed  oa t s  and occupies an intermediate pos i t ion  between 
the r e f l ec t ion  curves of t h e  w h i t e  and green oa t  leaves.  These have a smooth 
shape, which ind ica t e s  uniform absorption of so l a r  energy. 

The results of t h e  colorimetric determinations of t h e  amount of pigment i n  
e t io l a t ed  and green (cont ro l )  oa t  leaves confirmed t h e  spectrophotometric da t a  
(Tables 2 and 3) .  

It should be mentioned t h a t  t h e  amount of pigment could be determined 
color imetr ical ly  o n l y  i n  t h e  leaves of yellow o a t s  (not completely e t i o l a t e d )  
i n  comparison with t h e  control  o a t s  (green),  whereas very sxrall amounts of  pig
ments i n  w h i t e  e t i o l a t e d  o a t  leaves were determined by spectrum analysis ,  

The r e s u l t s  of t h e  volumetric pigment ana lys i s  show t h a t ,  for e t io l a t ed  
oa ts ,  l u t e i n  predominates among the  carotenoids, whereas i n  green o a t s  t he re  i s  
more carotene than l u t e i n .  For green oa t s ,  i n  r e l a t i o n  t o  e t io l a t ed  oa t s ,  t h e  
g rea t e s t  d i f fe rence  i s  observed i n  t h e  quant i ty  of chlorophyll and carotene and 
the l e a s t  d i f fe rence  i n  the  quant i ty  of l u t e in .  I n  e t io l a t ed  o a t s  chlorophyll 
i s  decomposed t o  t h e  g rea t e s t  extent,  followed by carotene, and f i n a l l y  by 
lu t e in .  

Conclusions 


On the  b a s i s  of t he  above inves t iga t ions ,  we can conclude t h a t  e t i o l a t ed  
oat  p lan ts ,  during t h e  period of  t h e i r  greening under t ranspolar  conditions, 
gradually reorganize and ad jus t  t h e i r  ass imilat ion apparatus t o  the  l i g h t  condi
t ions.  It can be assumed t h a t  a b r i e f  shading of p l an t  sprouts,  an a l t e rna t ion  
of dark and l i g h t ,  will stimulate the  growth processes. The photosynthesiz- /58 
ing apparatus of t he  p l an t s  i s  rapidly formed under i l lumination, due t o  the  new 
formation of pigments, 
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OPTICAL 	PROPERTIES OF CERTAIN PLANT SPECIES I N  THE INFRARED /59
FLFSIOM OF THE SPECTRUM I N  TWJSMITTED LIGHT 

M.P .Perevertun 

i;umerous attempts by variolis Soviet  and o ther  s c i e n t i s t s  t o  de t ec t ,  i n  the  
v i s i b l e  port ion of t he  spectrum, the  chlorophyll absorption band and the  Xood 
e f f e c t  i n  a luminous flux re f lec ted  by t h e  llseas" of Mars where vegetation i s  
supposed t o  ex i s t ,  led t o  negative resu l t s .  Thus, f o r  more than 100 years t he  
absence of t h e  c'hlorophyll absorption band and the  Wood e f f e c t  f o r  t he  Martian 
oseasfl was considered t o  be conclusive proof t h a t  there  can be no vegetation on 
Mars. However, on the  b a s i s  of a thorough ana lys i s  of t h e  proper t ies  of t r u e  
nature,  such a conclusion i s  not  tenable. In  studying t h e  o p t i c a l  p roper t ies  
of t e r r e s t r i a l  p l an t s  under conditions of t h e  dry and humid high mountains o f  
Pamir, t he  cold dese r t  of Central  Tien Shan, Zai l ipskiy Alatau, and the  t rans
polar  region, s t a r t i n g  from t h e  tundra, forest-tundra, t a iga ,  and ending with 
the forest-steppe, a s  well  as under conditions of t h e  Kazakhstan steppes and 
deser t s ,  s c i e n t i s t s  have demonstrated t h e  presence of bas ic  changes i n  the  
spectrophotometric proper t ies  of p lan ts ,  both i t s  higher and lower forms, de
pending on the  environmental conditions. 

A s  most subarct ic  p l a n t s  move f a r t h e r  North, t h e  chlorophyll absorption 
band becomes blurred and, i n  ce r t a in  p l an t s  a t  Tiksi ,  completely disappears. 

Zxtensive changes also occur i n  t h e  phenomenon of t h e  inf ra red  e f f e c t  of 
t e r r e s t r i a l  plants.  A s  t h e  c l imat ic  conditions become more austere ,  t h e  inf ra 
red e f f e c t  of p lan t s  drops almost t o  zero. 

Thus, on the  b a s i s  of t h e  o p t i c a l  p roper t ies  of t e r r e s t r i a l  p lan ts ,  t he  
absence from t h e  Martian l'seasff of  the  p r inc ipa l  absorption band of  chlorophyll 
and the  inf ra red  e f f e c t  can be assumed as due t o  t h e  severe temperature condi
t i ons  f o r  p lan t  growth r a t h e r  than t o  an absence of vegetation. O f  course, t h i s  
i s  not su f f i c i en t  ground f o r  far-reaching conclusions t h a t  would presuppose the  
existence on Mars of e a r t h l i k e  l e a f y  vegetation such as chestnuts or branchy 
birches,  pines,  and spruces as they grow i n  the  middle l a t i t u d e s  of our planet.  

Taking i n t o  account t h e  temperature conditions of Mars, t h e  composition of 
i t s  atmosphere and the  quan t i t a t ive  water supply, it would be i l l o g i c a l  t o  as
sume t h a t  a vigorous f l o r a ,  resembling the  flora of t he  Caucasus o r  t h e  foot
h i l l s  of Zai l iyskiy Alatau could exist there.  

The method of analogy i s  widely used i n  astronomy and astrophysics  and 
y i e l d s  pos i t i ve  results when so l id  and experimentally ve r i f i ed  bases exist. I n  
solving the  problem of t he  exis tence of e x t r a t e r r e s t r i a l  l i f e ,  t he  method of /60
analogy must be used with g rea t  caution, although there  i s  no doubt t h a t ,  i f  
p lan t  l i f e  e x i s t s  a t  a l l  on Mars, it will exist .there on the  same bio logica l  
base a s  on ear th ,  s ince science does not know any o ther  l i f e  on a nonprotein 
base; however, t he  foms of such l i f e  r ay  d i f f e r  g rea t ly  from those customarily 
encountered under ea r th  conditions. Therefore, t h e  idea of a d i r e c t  proof of 
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t h e  existence of organic l i f e  on N a r s  i s  qu.ite tempting. 

Spec t ra l  inves t iga t ions  of Mars i n  t h e  v i s i b l e  spectrum region have yielded 
no pos i t i ve  r e s u l t s  as t o  the  presence of oxygen and water vapors i n  i t s  atmos
phere or as t o  t h e  presence of molecules of  an organic o r ig in  i n  the  region of 
the  Martian "seastT. Apparently t h i s  spectrum region, re f lec ted  from t h e  MartiaR 
surface, i s  s t rongly d i s t o r t e d  on passing through t h e  atmosphere of E a r s  and 
earth.  The near-infrared rays a re  subjected t o  less cnanges, and the  far-infra
red rays reach u s  d i r e c t l y  from t h e  surface of Mars almost without d i s tor t ion .  
Invest igat ions i n  t h i s  region of t h e  spec t r a l  p roper t ies  of  t e r r e s t r i a l  p l an t s  
and the  'llseasttof Mars open new p o s s i b i l i t i e s  f o r  t he  d i r e c t  stcdy of the  physi
ca l  nature  of individual  formations of t he  Martian surface. Therefore, the 
purpose of our work w a s  t o  e s t ab l i sh  the  s t r u c t u r a l  cha rac t e r i s t i c s  of t i e  spec
trum of p l an t s  i n  transmitted l i g h t  i n  t h e  range from 0.6 t o  1.A L: ,  Since the  
spec t ra l  curves of tne transmission coe f f i c i en t s  have a slope s imi la r  t o  t h a t  
of  t h e  spec t r a l  curves o f  t h e  br ightness  coe f f i c i en t s  i n  re f lec ted  l i g h t ,  t h i s  
i n d i r e c t l y  permits a ce r t a in  judgnent a s  t o  the  s t ruc ture  of t he  spectrum of 
p lan ts  i n  the  long-wave port ion of t he  spectrum and i n  re f lec ted  rays. 

To study the  o p t i c a l  p roper t ies  of p l a n t s  i n  the  inf ra red  region of the  
spectrum i n  transmitted rays, we used the  SF-L spectrophotoneter. 

Separate leaves of t he  invest igated p lan ts ,  fastened ir!a spec ia l  stand 
r i g i d l y  connected with the  movable car r iage  of t h e  cuvette,  were in s t a l l ed  ir, 
the l i g h t  o f  a ce r t a in  wavelength, emerging f r o m  t h e  spectrophotometer slit. 
The r a t i o  o f  t h e  l i g h t  f l u x  passing through t h e  specimen t o  the  l i g h t  flux pass
ing through a i r ,  whose transmission w a s  taken a s  lOC$, was determined frorn the 
transmission sca le  of t he  recording potentiometer. The sca le  readings yielded 
the  transmission of p lan t  leaves,  d i r e c t l y  i n  percent. The upper scale  of  t he  
recording potentiometer gave t h e  op t i ca l  dens i ty  of  the  l e a f .  

The stand, t o  which the  l e a f  specimens were mounted, permitted a simultane
ous study of t h ree  objec ts  over a l l  wavelengths. To r e t a rd  drying and wi l t ing  
of t he  detached leaves,  t h e  ends of t h e i r  s t e m s  were provided w i t h  t h i n  rubber 
tubes f i l l e d  with water, or t h e i r  s t e m s  were wound with water-soaked f i l t e r  
paper. 

With t h e  factory-assembled SF-L and t h e  attachment f i l t e rs ,  r e l i a b l e  
measurement of t h e  i n t e n s i t y  of t h e  tra,r.smitted l i g h t  w a s  possible  only up t o  
1.1 p, since t h e  sca t te red  l i g h t  within the  instrument i s  comparable with the 
i n t e n s i t y  of t h e  flux being measured. To inves t iga t e  t h e  longer-wave port ion 
of t h e  spectnim of p l an t s  with t h e  SF-4, we i n t ens i f i ed  t h e  l i g h t  f l u x  enter ing 
the  instrument and used an addi t iona l  in f ra red  f i l t e r  which cut  o f f  a l l  radia
t ion  below 1.1: i t .  This permitted r e l i a b l e  measurements t o  1.3 - l . L  LL. The 
e r ro r  of measurement did not exceed 3 - 8% 

We used the  SF-4 spectrophotometer and t h e  above attachments f o r  invest i 
gating t h e  op t i ca l  p roper t ies  of t h e  young leaves  of 20 p lan t  species, in /61
the  range from 0.45 t o  1.4 p. A s  a r e s u l t ,  we obtained 35 curves o f  t he  spec t ra l  
transmission coef f ic ien ts  of s o l a r  rad ia t ion  f o r  leaves and flower p e t a l s  of t he  
studied plants.  
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Fig. 1 
1 - Birch. Young leaf of brown color, 
abixdant moisture (April  2%); 2 - apple 
(KulTzhirka).  Young red-brown l e a f  
(April  2L); 3 - Mullen. Young l e a f ,  
center port ion (April  2L). A i r  tem

perature  -2 

Fig.3
1 - Si lve r  maple. Red-brown l e a f  

Fig. 2 
1 - S i l v e r  maple. Young red-brown 
leaf  (May 25); 2 - Birch. Young leaf 
of red color  under normal conditions 
(June 25); 3 - Spirea. Young dark-
red l ea f  (April  25); L - Thist le .  

Old yellowish l e a f  (April  2h) 

Fig. 4 
1 - Green onion. Cut l e a f  (April  2L); 

(14a.T 27); 2 - Mallow. Yellow l e a f  2 - Maple. Young brown leaf 
(April 27);  3 - Persian l i l a c .  Red (April  29);  3 - Horse radish.  Young 

l e a f  (April  27) l e a f  (April  29); 4 - Horse sor re l .  
Young l ea f  (April  29) 

Fig. 5 Fig. 6 
1 - Poplar. Young brown leaf (May 4 ) ;  1- Apricot. Young leaf (May 22); 
2 - 14aple. Young brown leaf (May 4 ) ;  2 - Plum. Young green leaf (May 22) ;  
3 - Maple. Young green leaf (May 4 )  3 - Thist le .  Young whitish l e a f  

(Hay 22) 
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Fig. 7 Fig. 8 
1 - Apricot. Young yellowish l e a f  1 - Plantain.  Young leaf (May 17);  
(May 8 ) ;  2 - Poplar, Young brown 2 - Canadian spruce. Row of  s m a l l  
l e a f  (May 8) ;  3 - Poplar. Young needles (May 17);  3 - Pine. Row of 

green l e a f  (May 8 )  small needles (May 17) 

Fig. 9 Fig.10 
1 - White apple blossoms (May 9 ) ;  1- Chestnut. Young green l e a f  
2 - Rasberry-red apple blossoms (May 10); 2 - Chestnut. Young yellow 
(May 9 ) ;  3 - Red t u l i p  blossoms l e a f  (May 10); 3 - Thist le .  Normal 

(May 9 1 green l e a f  (way 10) 

An ana lys is  of t he  curves of t h e  transmission coef f ic ien ts  led t o  the  con
clusion t h a t  carotenoids a r e  present  i n  young early-spring leaves regardless  of 
leaf color,  s ince the  absorption band of  these p i e e n t s  i s  d i s t i n c t l y  present 
on a l l  curves. For most of t he  invest igated p lan ts ,  t h i s  band i s  located i n  
t h e  range from 0.L8 t o  0.485 p (Figs.1, 2, 3,  L, 5, 6, 8, 11). For mullen and 
t h i s t l e  (Figs.1 and 8 ) ,  t he  absorption band of carotenoids i s  sh i f ted  t o  the  

For
/62

yellow spectxym region and i s  located a t  the  wavelength of 0.5 - 0.505 p. 
a l l  green p lan ts ,  t he  "Lunboth with respect  t o  amplitude and e f f ec t ive  wave
length w a s  d i s t i n c t l y  expressed, being located i n  t h e  wavelength range of  0.550 
t o  0.6rC5 p. 

The slope of t he  curve i n  t h e  region of t he  green maximum i s  int imately 
connected with t h e  r a t i o  of addi t iona l  pigments t o  chlorophyll occurring i n  t h a t  
p a r t i m l a r  plant .  The amplitude of t he  green m a x i "  depends on t h e  concentra
t i o n  of  a l l  types of pigments, and i t s  width on t h e  t o t a l  number of pigments 
par t ic ipa t ing  in t h e  op t i ca l  apparatus of t h e  plant .  Thus, t h e  green m a x i "  i s  
an individual  cha rac t e r i s t i c  of a given plant ,  which i s  r ead i ly  expressed by t h e  
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value of t he  a rea  bounded by t h e  curve i t s e l f ,  i.e., t h e  abscissa  and ord ina tes  
of i t s  boundaries. For the  green maxi.", it i s  easy t o  determine t h e  e f f ec t ive  
wavelength which i s  a l so  a spec i f ic  individual  cha rac t e r i s t i c  of t h a t  plant .  
T h i s  pecu l i a r i t y  of t he  green maximum i s  a usefu l  c r i t e r i o n  in p lan t  p h y s i o l o a  
and taxonomy. 

Fig. 11 
1 - Apricot. Young brown-green l ea f .  After  f r o s t  
-2OC;  2 - S i l v e r  maple. Young red-brown l ea f .  A f t e r  
f r o s t  -2OC; 3 - Ginkgo. Youn yellowish leaf. After  

f r o s t  -2 QC 

It i s  p a r t i c u l a r l y  important -0 note t h a t ,  f o r  all invest igated p l an t  /63
species  without exception, t he  p r inc ipa l  absorption band of chlorophyll i n  t h e  
red port ion of t h e  spectrum i s  located exact ly  a t  a wavelength of 0.680 p .  bu t  
t h e  width and depth of t h e  maxi" of t h i s  band va r i e s  from plan t  t o  plant .  The 
band i s  more d i s t i n c t  i n  transmitted r a y s  than i n  re f lec ted  rays. This permits 
increasing the  s e n s i t i v i t y  of t he  spectrum analys is  of p lan ts ,  based on a deter
mination of chlorophyll  and o ther  pigments found d i r e c t l y  i n  t h e  l i v i n g  c e l l s  of 
p l an t s  for which t h e  %breakthroughPr e f f e c t  can be disregarded. 

For t h i s ,  it i s  necessary t o  determine the  absorption and sca t t e r ing  coef
f i c i e n t s  i n  t h e  l i v i n g  plant.  

If the disperse-col loidal  system of a l e a f  satisfies ce r t a in  conditions,  
f o r  example, random d i s t r i b u t i o n  of s ca t t e r ing  centers  w i t h  an equal probabi l i ty  
of s ca t t e r ing  i n  a l l  d i rec t ions ,  then t h e  Dently or Wurmser nomogram can be used 
f o r  determining'absorption and t h e  sca t t e r ing  coeff ic ient .  I n  t h e  case of iso
t r o p i c  sca t te r ing ,  provided t h a t  t he  incident ,  transmitted,  and r e f l ec t ed  l i g h t  
i s  completely diffused,  t he  abscissa  i n  t h e  Dently nomogram w i l l  simply represent 
t h e  r e f l ec t ion  coe f f i c i en t s  and t h e  ord ina tes  w i l l  be t h e  o p t i c a l  dens i t ies .  

Knowing the  r e f l e c t i o n  coe f f i c i en t s  f o r  a given wavelength A and t h e  o p t i c a l  
densi ty ,  the  absorption and sca t t e r ing  coe f f i c i en t s  can be determined from the  
nomogram. The results hold t r u e  i f  t h e  inc ident  l i g h t  i s  p a r a l l e l  and t h e  re
f l ec t ed  and transmitted l i g h t  i s  completely diffused. 

Wurmser proposes a somewhat d i f f e r e n t  method f o r  determining t h e  absorption 
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and sca t te r ing  coef f ic ien ts ,  using transmission with two l a g e r s  of  d i f f e r e n t  
op t i ca l  density. Also t h i s  method can be used. only i f  both la:;rers s c a t t e r  i n  
such a manner t h a t  t h e  transmitted l i g h t  i s  completely diffused. The pr inc ip le  
s t i pu la t ing  t h a t  t h e  red band of chlorophyll and the  absorption band of caro
tenoids a r e  more d i s t i n c t  i n  transmitted l i g h t  than I n  re f lec ted  l i g h t  permits 
a more accurate determination of t he  transmission Coefficient and thus a l s o  of 
the  op t i ca l  dens i ty  of t he  pigment o f  i n t e re s t .  Having detenrirted the  sca t te r 
ing coef f ic ien t  from t h e  op t i ca l  densi ty ,  we can exclude the  geometric e f f e c t  of 
s ca t t e r ing  and thus increase  the  s e l e c t i v i t y  of absorption; i n  turn,  t h i s  will 
more accurately def ine t h e  amount of pigments pa r t i c ipa t ing  i n  the  op t i ca l  apps
ra tus  of  t he  p lan t ,  t h e  magnitude of t h e i r  absorption coef f ic ien t ,  and thus 
t h e i r  concentration. 

k wide transmission band o f  in f ra red  rad ia t ion  i s  observed i n  transmitted 
rays i n  t h e  invest igated plants .  The e f f ec t ive  wavelength of  t h i s  trar.smissior1 
maxi" l i e s  within 1.1 - 1.15 p, s l i g h t l y  f luc tua t ing  i n  accordance with the  
p lan t  species involved (Figs.1, 3,  L, 6) .  The height of t he  rise of the  t rans
mission maximum, i .e. ,  i t s  amplitude, v a r i e s  .from plan t  t o  p lan t  and even w i t h i r  
one p lan t  species,  depending on t h e  color  of t he  leaves and the  environmental 
conditions. The spec t r a l  curve i n  t h i s  absorption region, f o r  most p lan ts ,  i s  
almost smooth (Figs.2, 6, 8) ,  which ind ica t e s  t he  low se1ectivit.r of  absorption 
and transmission i n  t h i s  port ion of t h e  spectrum. 

The l o w  s e l e c t i v i t y  of p lan t  absorption i n  t h i s  spectrum region can be ex
plained f o r  t h e  most p a r t  by the  geometric op t i ca l  e f f ec t ,  including here the  
e f f e c t  of  s ca t t e r ing  and the  "breakthrough1*effec t .  

The %beakthrough" phenomenon r e s u l t s  i n  an admixture of white l i g h t  t o  
the  l i g h t  which had been transmitted by t h e  pigments of t he  c e l l  sap, as a re
sult of which t h e  absorption of t he  l e a f ,  a t  a l l  wavelengths, decreases. This 
drop has a grea te r  e f f e c t  on the  peaks than i n  t h e  region of l o w  absorption. ,/&
Flat tening of t h e  curve occurs and the  degree of s e l e c t i v i t y  diminishes. The 
%breakthrough" e f f e c t  i s  very small f o r  compact leaves and appreciable f o r  leaves 
w i t h  a g ra ru la r  chloroplast  d i s t r i b u t i o n  system. The water and gas contents of 
the  l e a f  a l so  have a considerable e f f e c t  on the  s e l e c t i v i t y  of absorption 
(Fig.1, Curve 1; Fig.2, Curve 1). 

The appreciable drop of  absorption s e l e c t i v i t y  i n  t h e  inf ra red  spectrum 
re@.on of  t he  invest igated p l an t s  might a l so  be due t o  the  f a c t  t h a t ,  when work
ing with the  SF-4 spectrophotometer, t he  transmission coef f ic ien t  i s  calculated 
f o r  a l l  wavelengths with respect  t o  t h e  l i g h t  f l u x  having passed through a i r ,  
which on passing through the  l e a f  i s  p a r t i a l l y  re f lec ted  from t h e  i n t e r i o r  l e a f  
w a l l s .  Therefore, f o r  each wavelength, t he  transmission coef f ic ien t  should be 
calculated with respect  t o  the  l i g h t  t h a t  had passed through a i r ,  minus the  re
f l ec t ed  component. This correct ion i s  t o  be introduced i n  t h e  f i n a l  processing 
of t h e  obtained data. 

A,pre l iminar j  ana lys i s  of t he  curves shows t h a t  this type of inves t iga t ions  
should be continued, s ince they afford the  opportunity t o  analyze the inf ra red  
e f f e c t  i n  physical  nature  and shed l i g h t  on the  s t ruc tu re  of  t he  spec t ra l  curves 
of p lan t  ob jec ts  in t h e  near-infrared region of t h e  spectrum i n  transmitted rays 
and i n d i r e c t l y  i n  r e f l ec t ed  rays. The presence of a wide maximum of l i g h t  t rans

72 



mission by the  p l an t  i n  the  region of 1.1 - 1.15  ti.  i nd ica t e s  t o  inves t iga tors  
of Hars t h a t ,  i f  t he  region of t h e  Martian l'seas" should contain ea r th l ike  vege
t a t i o n ,  then t h e  br ightness  of  t h e  l'seasll should be g r e a t e s t  a t  t h e  wavelengths 
from 1.1 t o  1.2 L. 
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CUCTE;RISTICS OF THE OPTICAL PROPERTIES OF ALPINE /65
PLANTS OF E;ASTEXtPl PUUR 

A.P.Kutyreva, B.B.Intykbayeva, and Zh.Kuatova 

Introduction 

The pr inc ip le  of uniformity o f  t he  bas i c  l a w s  of development of mat ter  i n  
the  universe and of t he  d i f fe rence  o f  t h e i r  manifestation, dependir,g on t h e  
cha rac t e r i s t i c s  o f  t he  physical conditions and climate, i s  a p ivo ta l  point  in 
t h e  inves t iga t ions  by the  Astrobotany Sector on t h e  problem of pred ic t ing  afid 
determining the  p o s s i b i l i t y  of l i f e  on o ther  planets ,  

Therefore, t he  s c i e n t i f i c  co l l ec t ive  of t he  Sector  considers it possible  
t o  use, as the  foundation f o r  pred ic t ing  and determining the  p o s s i b i l i t y  of  
existence of  organic forms under t h e  conditions of o the r  p lape ts  o r  o ther  so l a r  
systems, not o n l y  t he  ast rophysical  inves t iga t ions  of t h e  spec t r a l  ar,d o ther  
physical  cha rac t e r i s t i c s  o f v a r i o u s  surface areas of these  p lane ts ,  bu t  a l s o  the  
study of t h e  r e g u l a r i t i e s  o f  t h e  changes i n  t h e  spec t r a l  cha rac t e r i s t i c s  of t h e  
op t i ca l  p roper t ies  of t e r r e s t r i a l  p l an t s  with any change i n  environmental condi
t ions.  The grea t  Russian physiologis t  K.A.Timiryazev w a s  t he  first t o  ind ica te  
the  cosmic s ignif icance of  p l an t s  and the  importance of studying t h e i r  op t i ca l  
p roper t ies  t o  perceive t h e  l a w s  i n  the  evolution of l i v i n g  matter (EiS1.82). 
The correctness of t h i s  trend i s  confirmed by t h e  f a c t  t h a t  already t h e  f i r s t  
invest igat ions by G.A.Tikhov on t h e  spec t r a l  f ea tu re s  of the  ltseasll and llcanalsll 
of Mars permitted es tab l i sh ing  a number of p e c u l i a r i t i e s  of t he  va r i a t ion  i n  
the  op t i ca l  p roper t ies  of p l an t s  with any va r i a t ion  i n  environmental conditions, 
heretofore unknown t o  science. Numerous subsequent spec t r a l  inves t iga t ions  of 
t e r r e s t r i a l  p lan ts ,  car r ied  out by G.A.Tikhov and h i s  pupi l s  i n  various cl imat ic  
zones of t he  Soviet  Union, convincingly proved t h e  correctness  of the  hypotheses 
put forward by him (Bibl.30, 31, 32, 85, 87, 89) .  

I n  the  l i g h t  of t he  above, it was of grea t  i n t e r e s t  t o  study the  spec t ra l  
cha rac t e r i s t i c s  of t he  o p t i c a l  p roper t ies  of  p l a n t s  under conditions extreme f o r  
t e r r e s t r i a l  p lan t  l i f e ,  i n  p a r t i c u l a r  on the  extremely dry alpine p la teaus  of 
Eastern Pamis and Tibet,  which in a number of  ind ices  a r e  c lose t o  the  da ta  ob
tained by astronomers f o r  t h e  Martian surface. 

Results a r e  given below of such inves t iga t ions  of a number of p lan t  species 
a t  t he  grea t  a l t i t u d e s  of the  a lp ine  semi-desert of Eastern Pamir. For one of 
the poin ts  (Zor-Chechekty), t h e  da ta  were obtained close t o  the  upper l i m i t  of 
vegetation in Eastern Pamir (5000 m) and encompass vegetation of the  lower p a r t  
of the  snow l ine .  

The f i e l d  spec t r a l  inves t iga t ions  of p l an t s  in t h e  Pamirs were car r ied  out 
i n  1950 - 1951 by jun io r  s c i e n t i s t ,  A.P.Kutyreva, and graduate student of t h e  
Astrobotany Sector,  Sh.P.Darchiya. The senior  laboratory technicians of t he  /66
Sector, B.B.Intykbayeva and Zh.Kuatova, par t ic ipa ted  i n  the  photometric process
ing of  t h e  spectrographic materials. The laboratory technician,  V.Golubchikov, 
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and. the senior laboratory techniclan,  L.G.Kuznetsova, par t ic ipa ted  i n  checking 
tne  r e s u l t s  of processing some of t h e  materials. 

Sn.P.Darchiyaf s inves t iga t ion  of t he  Pamir p l an t s  comprised,in part ,  a 
stsdy of  t he  e f f e c t  o� environmental conditions 'and the  spkctral  d i s i r ibh t ion  of 
incident  radiant  energy on t h e  fluorescence of these plants.  Most of t h e  r e s u l t s  
a r e  con+Lair,ed i n  h i s  monograph (Bib1.U) and i n  several  a r t i c l e s  on t h i s  problem 
(Eib1.13, 15) .  

The present paper discusses  only some of  h i s  published r e s u l t s  on individu
a l  plant  species,  together  with r e s u l t s  of t h e  inves t iga t ion  of  p l an t s  by K . I .  
Kozlova, senior  s c i e n t i s t  of  t he  Sector,  and by o ther  coworkers and graduate 
stvdents, which had the  purpose of  dis t inguishing the  cha rac t e r i s t i c s  of t h e  
op t i ca l  p roper t ies  of Pamir p l a n t s  from those of  o ther  zones. 

General sGpervision and consultation was i n  hands of G.A.Tikhov, corre
spondipg meder  of t he  USSR Academy of Sciences and ac t ive  member of  t h e  Kazakh 
Academy of Sciences. 

'?he l a rge  volume of f i e l d  work and the  sa t i s f ac toq r  solut ion of t h e  prob
lems were made possible  through the  devoted work and ass i s tance  by t h e  team a t  
the  ParrLr base o f  t he  USSR Academy of Sciences, by the  Presidium of  t he  Tadzhik 
kcadeq.7 o f  Sciences, Pamir Biological S ta t ion ,  and the  Pamir  Botanical Gardens. 

Tne bulk of our inves t iga t ions  w a s  carr ied out on experimental p l o t s  a t  the  
pemanent a lpine base of  t he  Pamir  Biological S ta t ion  and on plant ings o f  t h e  
Panir  Botanical Gardens, with i t s  numerous species o� l o c a l  f l o ra ;  introductory 
work w a s  done on the  t e s t i n g  of crop p l an t s  under Pami r  conditions, including 
the  world co l lec t ion  o f  bar ley of t h e  All-Union I n s t i t u t e  of P lan t  Production 
a t  the  Lenin All-Ur,ion Academy of Agricul tural  Sciences. 

The s c i e n t i f i c  team and management of these establishments a s s i s t ed  grea t ly  
i n  ident i fying the  invest igated p lan ts ,  describing t h e  cha rac t e r i s t i c s  of t h e i r  
b i o l o a  and developmental p h y s i o l o a  under Pamir conditions, and i n  arranging 
t h e  organization and da i ly  l i v ing ,  for which we express our profound apprecia
t ion.  

Some of t he  p l an t  species w e r e  i den t i f i ed  a t  t h e  I n s t i t u t e  of Botany of  the  
Kazakh Academy of Sciences (by Candidate of Biological Sciences, P.P.Polyakov, 
and Academician, N.V.Pavlov) and a t  the  Komarov Botanical I n s t i t u t e ,  USSR Acadeqy 
of Sciences, i n  t h e  department f o r  spore-bearing p l a n t s  (by sen ior  s c i e n t i s t ,  
K.A.Rassadina), while t he  hot-spring algae were i d e n t i f i e d  by Prof. M.M.Goller
bakh, senior  s c i e n t i s t  a t  t h e  same I n s t i t u t e .  

2. Area o f  Inves t iga t ion  

Pamir has long drawn t h e  a t t e n t i o n  of  i nves t iga to r s  i n  a l l  f i e l d s ,  particu
l a r l y  b io logis t s .  For more than 20 years,  b i o l o g i s t s  of t h e  Central  A s i a  U n i 
vers i ty ,  Union, and Tadzhik Academy of Sciences have been conducting expedi
t ionary  and laboratory ecological  and physiological inves t iga t ions  o f  p l a n t s  
under these  aus te re  conditions. The main bases  of t h e  research works are t h e  
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experimental p l o t s  of t h e  Pamir Biological  S t a t ion  of t h e  Tadzhik Academy of 
Sciences, s i t ua t ed  i n  Eastern P d r  on an extensive, r a t h e r  f l a t ,  high-mountab 
plateau of t he  Chechekty na tu ra l  landmark, in te rsec ted  a t  r i g h t  angles by t h e  
va l leys  of  t h e  Ak-Baytak r i v e r  and i t s  t r i b u t a r y  Chechektinka (average elevat ion 
of this plateau i s  3860 m above sea l e v e l )  and a l so  the  permanent a lp ine  base /67
of the  Pamir Biological  Stat ion,  opened i n  1948, in an o ld  g l a c i a l  cirque a t  t h e  
summit of Zor-Chechekty at  an a l t i t u d e  of L700 - 5000 m above sea leve l .  The 
permanent a lp ine  base of t h e  Pamir Biological  S t a t ion  encompasses t h e  vegetation 
of t h e  upper p a r e  of  t h e  a lp ine  zone and lower p a r t  of t h e  snow l i n e ,  growing on 
an old moraine t e r r a c e  and i n  t h e  bed of a pas t  g l a c i e r  which descended from the  
summit of Zor-Chechekty and extended t o  the  upper l i m i t  of vegetation beyond 
5000 m above sea level .  A t  present ,  a small g l a c i e r  which survives the  e n t i r e  
" m e r  is descending from t h e  Northwest, c lose t o  t h e  s teep rocky spurs of t h i s  
s d t .  Its influence i s  f e l t  i n  an increase of humidity and moisture content 
of t h e  s o i l  o f  adjacent  a r eas  and a l s o  in t he  frequency of clouds i n  nearby 
regions. 

TABLE 1 


PKYSICOGEOGRClPHIC CHARACTERISTICS OF THE AREAS 
OF INVESTIGATION 

-__ - .- .- . .  
~ ~- -

P o i n t  

Eas tern  P a a i r :  

Chechekty 

Zor- Chechek t y  

Lake Yashi1'-Kul 

Dzh i l  andy 

Western Pamir: 

Pami r Rot an i  c a l  
Gardens. Khorog 

Gam- Gashma 

S t d i n a b a d  @at m i c a l  
Gmrdena 

I L e v e l ,  m 1 
I-- -I- . .  

I 

36010' 73058' 3660 

3h007' 73052' 4760 -5003 

37050' 730 3660 

37O10' 74031' 3440 

37O29' 71032' 2320 

370 71040' 2325-230 

38035' 66O47' 824 

I 

~ 

- - 
llpper p a r t  o f  s u b a l p i n e  

zone 
Alp ine  zone and anow 

l i n e  
Hidd le  p a r t  of  sub

a l p i n e  zone 
Lower p a r t  o f  sub

a l p i n e  zone 

Mountain-tugai  l i n e  
( m o d l a n d s  and shrubs)  

Tuea i - shrub  l i n e  

Dry s u b t r o p i c s  o f  
foo t h i l l  I 

The main base of t he  b io logica l  inves t iga t ions  i n  Western Pamir i s  a t  the  
Pamir Botanical Gardens of t he  Tadzhik Academy of Sciences, s i tua ted  i n  t h e  
in t e r f luve  of t h e  G u n t  and Shakh-Dara r i v e r s  several  kilometers from the  c i t y  
of  Khorog, a t  a height of 2320 m above sea leve l .  

The first observations on t h e  representat ives  of l o c a l  f l o r a  and t h e  harden
ing  of crops of cu l t iva ted  p l an t s  a t  the  main bases  were carr ied out  under the  
supervision of P.A.Baranov and 1.A.Raykova as long ago as i n  t h e  1930's; by t h e  
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time of t h e  invest igat ions by members of the  Astrobotany Sector (1950 - 1951) on 
t h e  p l o t s  of the  Pamir Biological Stat ion,  there  w a s  a l a r g e  co l lec t ion  of p lan ts  
with d i f f e r e n t  growth t i m e  periods under Pamir conditions. This made it possible 
t o  determine t h e  v a r i a b i l i t y  of t h e  o p t i c a l  propert ies  of p l a n t s  by years  of re
production, under growth conditions markedly d i f f e r i n g  from the  i n i t i a l  conditions 
(see Table 8). 

So as t o  f a c i l i t a t e  t h e  conversion of the  spec t ra l  invest igat ion da ta  on 
t e r r e s t r i a l  plants ,  grown a t  d i f f e r e n t  height and i n  d i f f e r e n t  c l imat ic  zones, 
t o  planetary conditions we made addi t iona l  invest igat ions i n  c e r t a i n  regions of 
t h e  w a r m  and hot springs of Eastern and Western Pamir. Table 1 gives t h e  layout 
of t h e  Pamir ranges with an indicat ion of t h e  areas of our studies.  

Fig.1 Map of  t h e  Pamir langes, with Indicat ion of the  
Areas of Spectral  Invest igat ions 
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During the  long period of comprehensive b io log ica l  inves t iga t ions  of Pamir 
p lan ts ,  several  de t a i l ed  a r t i c l e s  and monographs were  published by s c i e n t i s t s  /68 
of the  Central Asia University,  Union Academy of Sciences, and s c i e n t i s t s  at  t h e  
Pamir Biological S t a t i o n  and Botanical Gardens of t h e  Tadzhik Acadev of Sciences 
(Bib1.1,  2, 3 ,  5, 16, 17, 18, 19, 20, 21, 22, 23, 27, 28, 49, 50, 54, 55, 59, 60,
61, 65, 66, 68, 69, 70, 77-80), in which a de ta i l ed  descr ip t ion  was  given of t h e  
cl imat ic  and ecological  cha rac t e r i s t i c s  of Pamir and of many representat ives  of 
i t s  f l o r a ,  including those covered by our  invest igat ions.  I n  our  first a r t i c l e s  
(Bib1.35, 36) ,  we gave an  as t robotanica l  evaluation of t h e  Pamir conditions and 
noted t h e  problems of studying t h e  o p t i c a l  p roper t ies  of p l a n t s  under these  con
d i t i ons ,  Therefore, i n  this ar t ic le  we w i l l  c i t e  only individual  numerical 
values emphasizing t h e  cl imat ic  p e c u l i a r i t i e s  of t h e  compared zones and the  
immediate conditions of  photographing (Tables 2, 3).  

TABLE 2 /69 
RELATIONSHIP OF ANNUAL AND SEASONAL AVERAGE PRECIPITATION 
( I N  mm) FOR MANY YEARS I N  THE DRY (PAMIR) AND HUNID ALPINE 

WIONS (NORTHERN TIEN SUN, NORTHmJ SLOPES OF THE 
ZAILIYSKIY ALATAU MOUNTAINS ) 

Dry Highland. Humid HiKhlandsI
I 

---._--
Total  Pre- 1 Total P r e 

c i p i t a t i o n , m m  J c i p it a t i o n ,  mu 
I-

Regions  P o i n t  

( h e i g h t  ROO- IS t a l i n a b a d  
- 850 n) (ALISG) 

P o i n t  

‘74 1 
54 

!36 

Nmturd Zone 

( h , e i g h t  2400
3100 a) 

I 

B e l t  o f  apruce
fores t  

( h e i g h t  2100
1500 m )  

.- -
Mountain - orchard b e l tI ( h e i g h t  13SO m )  

I 

187 F o o t h i l l s .
Orchard- s t e p p e  

b e l  t 
Alma- A t e  ,64 ( h e i g h t  600

( AMSC) -450 m) 

-x- AMSG = Airborne Meteorological S ta t ion ,  C iv i l  A i r  F leet  

According t o  t h e  da t a  of meteorological observations made a t  the  Pamir 
Biological S ta t ion  i n  Chechekty, as indicated by A.T.Steshenko i n  h i s  mono
graph (Bibl.BO), t h e  t o t a l  p rec ip i t a t ion  during the  11-year period from 194l 
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TABLE 3 

DATA ON ABSOLUTX AND RELATIVE HUMIDITY OF THE MlTRGAB METEORO
LOGICAL STATION AT A HEIGHT OF 2 m ABOVE THE SURFACE DURING 
AUGUST AND SEPTENBER 1950 AND AUGUST 1951 IN DAYTIME (ELEVATION 

OF TEE.LOCALE = 36LO ABOVE SEA LEVEL) 
.- ~ . 

1950 
x Date  I Houra l * b . o x ~ > R- Humidity, )Wind D i r e c t i o n  andI i V e l o c i t y .  m/sec 

30 Aug. 7 12 w5w-4 
13 8 ssw-7 
19 8 5w-7 

31 Aug. 7 23 5w-5 
13 4 5-9 
19 2 55w-6 

1 Sept. 7 25 0 ( c a l m )  

13 4 55w-4 
19 8 0 ( c a l m )  

17 Sept. 	 13 1 5e-4 
19 0 WNW-9 

18 Sept. 	 13 14 E-2 
19 1 0 ( c a l m )  

19 Sept. 7 27 0 ( c a l m )  
13 10 E-3 
19 9 0 ( c a l m )  

-__ ~ -~ 
IWJl - -

Date 
I Absolute  Humidity,  R e l a t i v e  Humidity,  

IAuguat) mb V e l o c i t :  m/acc. .~ __
13 - 13 ~~ 19 - 13 ,I 9

1 2.7 11 7 0 ( c a l m )  N-1 
2 3 - 6  15 1 s-3 w-3 
3 3.3 14 6 s-l 5w-2 
4 2.8 13 10 s-2 55w-2 
5 2 .3  10 12 0 (ca lm)  w-3 
ti 4.7 19 5 s s w - 2  w-4 

8 3.3 14 3 s-3 W-7 
9 

10 
2.9  
1.9 

12 
9 

6 
7 

s s w - 9  
SSE-5 

w-3 
5w-9 

11 2.8 
2 . 7  

12 
13 

11 
15 

N-3 
w-4 

WNW-I 
NNW-4 

15 
16 
17 

1,9
I . 2  
3.4 
3,1
1.8 

9 
5 

17 
14 
8 

4 
2 

10 
2 

19 

E-2
sw-1 
E-1 

NW-3 
ENE-I 

5w-5 
0 ( c a l m )

w-4 
E-3 
w-7 

18 
19 

4.1 
6.0 

28 
35 

38 
43 

s s w - 3  
s-1 

0 f c s l m )
5w-3 

7 3.4 13 7 s-4 w - 1 

20 3.9 19 23 0 ( c a l m )  w-1 
21 3.9 17 6 s-4 5w-5 
24 1.2 6 6 s-3 5w-7 
25 0.9 5 4 s s w - 4  w-1 
26 0 9  5 3 w-5 w-4  
27 1 ,  6 7 ssw-3 5w-3 
28 1.3 8 2 NE-I NW-4 
29 0.6 5 9 NE-1 NW-4 
30 1.1 8 7 ssw-3 5w-3 

Xotes: 
31 0 ,7  4 2 w-1 5w-2 

1) July 18 and 19, 1951 b r i e f  downpours a t  times. Total  p rec ip i ta t ion  0.5 mm. 
2) 	Average temperature f o r  kugmt  1951: mean monthly = +lL.O°C; m a x i m u m  = 

= +24.1°C; min imum = -L .pC i n  a i r  a t  height 2 m above s o i l  surface; 
minimum a t  s o i l  surface = -10.9~. 

3 )  The f igures  i n  t h e  Table are ac tua l  data  and are not reduced (cont'd) 
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t o  sea leve l .  
L) Results of ca lcu la t ing  the humidity were ve r i f i ed  i n  the  Analytical  

Department of the  Tadzhik Administration, Hydrological and Eeteoro
log ica l  Service. 

5 )  	The air  temperature during t h e  days of observation from August 30 
t o  September 19, 1950 varied from +loo t o  + 1 9 O C .  Kiqnt f r o s t s  oc
curred on September 17 (-2.L°C) and on Septenter  19  ( -L.C°C).

6 )  	On August 22 and 23 there  were in te r rupt ions  i n  t h e  observations of 
t he  op t i ca l  p roper t ies  of p l an t s  owing t o  cloudy weather, f o r  wnich 
reason the  da ta  on humidity, wind d i rec t ion ,  and wind ve loc i ty  a r e  
omitted. 

7 )  	lLE-S-’d a r e  t h e  Latin designatiorls of  compass po in t s  for wind dlrec
t ion ,  used i n  meteorological prac t ice  and corresponding t o  Yort?, 
East, South, and Nest; the  d i f f e r e n t  combinations of  l e t t e r s  ind ica te  
intermediate points ,  for example: rSd i s  northwesterly wind, S E  Is  
southwesterly, etc.  (wind ve loc i t i e s  a r e  given i n  meters per  second). 

through 1951 i n  the  region of t he  experimental p l o t s  of t h e  P m i r  Biological 
S ta t ion  varied from 150 t o  LO - 55 mm, a t  an average annual p rec ip i t a t ion  of  
100 mm during t h i s  period. According t o  the  neighboring meteorologlchl s ta t icn ,  
Murgab, the  mean annual prec ip i ta t ion  during t h i s  period was 61 m., t h e  m i n i m  
during t h e  year i n  t h i s  region dropped t o  21 m and t h e  I T ~ X ~ X U T Ireached 159 m; 
the r e l a t i v e  d i s t r i b u t i o n  of  p rec ip i t a t ion  by seasons o f  t he  year (wixter 2!$; 
spring 32%; Summer LL%; f a l l  0.B) showed the  constant predominatlon o f  spricg
summer prec ip i ta t ion .  Most of t he  atmospheric p rec ip i t a t ion  i n  the  suba1pir.e 
and a lp ine  zones of Eastern Pamir f e l l  i n  so l id  form, and toward the  upper 
boundary of t he  a lp ine  zone and a t  t h e  sriow l i n e  it amounted t o  1GCZ. 

The observations by V.K.Sveshnikova showed t h a t  marked tezperature  fluctua
t ions  a t  t he  surface o f  the s o i l  and p l an t s  ( the  d iurna l  a q l i t u d e s  frecpentl;. 
reached 60 - 70°C and the  annual amplitudes reached 102 - l O 9 O C )  promote con
densation of  moisture i n  the  s o i l ,  which cons t i tu tes  an inportan% addi t ional  
source o f  moisture f o r  dese r t  p l an t s  and permits them t o  remair, a l i v e  even under 
the conditions of extremely dry a i r  of Eastern Pamir, even a t  s t i l l  s can t i e r  
prec ip i ta t ion  (Bib1.69). Our inves t iga t ions  showed t h a t  t he  p l an t s  a r e  ab le  t o  
maintain moisture reserves  i n  t n e i r  t i s s u e  without extensive harm t o  v i t a l  
a c t i v i t y. 

Actually, t he  da ta  o f  d i r e c t  observations on the  amplitude of  f luc tua t ions  
of t he  w a t e r  content i n  t he  leaves of t h e  invest igated p lan ts ,  i n  r e l a t i v e  and 
absolute uni t s ,  showed the  following limits: from E 3  t o  92% (1.19 t o  8.2L mg/cm2 
of l ea f  surface)  i n  the  humid high-mountains of t he  northern slopes of  t he  
Zai l iyskiy Alatac mountains ( a l t i t u d e  9LF3 - 3 1 C O  m )  and from 36 t o  72% (0.35 t o  
0.76 mg/cm” of l e a f  surface)  i n  t h e  dry high mountains of Eastern and Western 
Pamir ( a l t i t u d e  2320 - 5000 m).  For some wild species of the  l o c a l  f l o r a  o f  
Eastern Pamir t h e  water-content indexes a re  even lower. It i s  e n t i r e l y  l o g i c a l  
t o  expect t h a t  on Mars, with i t s  even grea te r  amplitudes o f  surface temperature 
and even scant ie r  moisture reserves,  t he  evolution of higher p l an t s  could pro
ceed even f a r t h e r  i n  t h i s  d i rec t ion .  

The mean annual values of r e l a t i v e  humidity, according t o  the  Furgab Me
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teorological  S ta t ion ,  f luctuate  from 38 t o  60% a t  a height of 2 m above the  
ground, varying from 10 t o  100% on some days. Especially extensive are the  
hunidity f luc tua t ions  during t h e  middle of t h e  growing season (August) when the  
mean da i ly  var ia t ions  range from 7 t o  100%. Table L. shows t h e  d a i l y  readings 
or" t he  absolute and r e l a t i v e  humidity a t  a height of 2 m a t  the  Murgab Meteoro
log ica l  S ta t ion  during the  days of our observations i n  t h e  Chechekty region in 
August 1950 and 1951 and for ce r t a in  days of September 1950, which show t h a t  on 
ce r t a in  days i n  August and a t  t h e  beginning of September t h e  humidity durinp, the  
second half  of the  day drops almost t o  zero, such catastrophic  drops i n  humidity 
being accompanied by r a the r  strong dry winds. 

The strong winds blowing over t h e  grea te r  p a r t  of  t h e  year  during t h e  a f t e r 
noon hours play a m 2 o r  r o l e  i n  t h e  processes of cooling and drying of s o i l s  
and plamts i n  Xastern Pamir. They cause espec ia l ly  grea t  damage during severe 
f r o s t s ,  catastrophical ly  drying out  t he  s o i l  which i s  not  protected by a snow 
cover. 

The water regime of  t ne  s o i l s  of Pamir depends on t h e i r  t ex ture  and va r i e s  
from 3.5 to  10.75 f o r  the  small-grained d e t r i t a l  v a r i e t i e s  ( cha rac t e r i s t i c  
fo r  cer ta in  experimental p l o t s  of t h e  Pamir Biological S ta t ion) .  The lowest 
moisture content i s  observed for t he  gray-brown stony semi-desert s o i l s  of 
Faster?. Pamir, sirice the  weak water-retaining capacity of these types of s o i l s  
causes t h e i r  rapid dq-ing. The herbarium specimens of Skornyakovt s wormwood 
(Artemisia scorniako-hi  C.biink1. ), which we took from the  s o i l ,  d id  not  w i l t  
f o r  nore than f ive  years,  desp i te  t he  f a c t  t h a t ,  a f t e r  keeping them f o r  a long 
time i n  the herbarium screens between sheets  of repeatedly changed b l o t t e r s ,  we 
mour,ted them on cardboard w i t h  no moisture anywhere except t h a t  from t h e  air. 
The specinens of' these p l an t s  were long used as i l l u s t r a t i v e  material i n  the  
l ec tu re s  by G.A.Tithov on astrobotany, not only as an example of t h e  o p t i c a l  
adaptation of  p l an t s  t o  environmental conditions as shown by t h e i r  grayish-blue 
color,  o u t  a l so  a s  a s t r ik ing  example of the  exceptional res i s tance  of one of 
the members of t he  higher evolut ional  forms of the  p lan t  world t o  adverse condi
t ions ,  mainly t o  a lack of moisture. The audience w a s  ab le  t o  see t h a t  here we 
did not have a dead dry herbaceous shrub similar t o  the  specbens  of o ther  Pamir 
p lan t s  taken from somewhat "more humid" habi ta t s ,  bu t  de l i ca t e ,  s i lky ,  l i v i n g  
leaves which had completely retained t h e i r  e l a s t i c i t y ,  subt le  perfume, and color 
cha rac t e r i s t i c  o ~ l yof a l i v i n g  p l an t ,  although i n  a l l  o ther  respects  they did 
not d i f f e r  from specimens of o the r  p lan t  species, They w e r e  s t i t ched  o r  glued 
t o  cardboard sheets,  and for many years  hung on the  w a l l  o r  were stored i n  her
barium cases. The specimens of o lde r  perennial  representat ives  of this species, 
w i t h  a well-developed root system, exhibited the  g rea t e s t  v i t a l i t y  under these  
conditions whereas t h e  younger p l an t s  changed more quickly t o  a semidry state. 
A t  t he  same time, o the r  p l an t  species  of  the  semi-desert plateaus of  Eastern 
Pamir,  suck: as t h e  oldworld win ter fa t  (Eurotia ceratoides  C.A.M.) or t h e  sand 
and gravel feathergrasses  which a l s o  grow under r a t h e r  harsh conditions,  did 
not show tkLs property and, l i k e  o the r  species,  r a the r  quickly dr ied  ou t  i n  the 
herbarium screens. 

The temperature conditions are no l e s s  severe: Not only  i n  t h e  alpine,  but  
a l so  i n  the  subalpine zone of Eastern Pamir t he  mean annual temperatures are 
negative (Wurgab -0.9°C, Chechekty - 1 . 9 O C ) .  During t h e  summer, t h e  average a i r  
temperatu-re i n  t h e  subalpine zone a t  a height of 2 m above ground, f luctuated 
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about +2OoC, and i n  the  near-earth l aye r  (a t  a height of  25 cm), about +3C°C, 
whereas a t  the  surface of t he  s o i l  and p l a n t s  the  teinperature r i s e s  during the  
daytime hours almost t o  +6OoC and higher. During t h e  growing season, the  &-
mum temperatures a t  t h e  s o i l  surface do not drop below +LO.C C. 

Nevertheless, it i s  the  minimum temperature t h a t  has the  grea tes t  e f f ec t  
on t h e  physiology and v i t a l  a c t i v i t y  of t h e  Pamir plants .  

According t o  meteorological observations of t h e  Chechekty Eiological  Sta
t ion ,  c i ted  by A.P.Steshenko i n  h i s  monograph (1956), during t h e  period from 
191,9 through 1951 (Bibl.80) t he re  w a s  not a single nonth when the  temperature 
of t he  near-ground l a y e r  of a i r  a t  a height of 25 cm would not drop below zero. 
In  the  usual sense of t h e  word there  i s  no f ros t - f ree  period here, and pos i t ive  
temperatures are retained a t  night  only a f t e r  t h e  w a r m e s t  days. The number of 
f rost-free  days vary, from year t o  year,  from 20 t o  50. The year  1951 was 
especial ly  cold, with only 2/, f ros t - f ree  days. 

A t  t h e  surface of the  s o i l  and of t he  p l an t s  pressed close t o  the  gromd, 
the  amplitudes of temperature f luc tua t ion  were even grea te r ,  reaching 6$C or 
even more, and t h e  minima were  lower. They frequent ly  dropped t o  -lQ, -12OC 
during the  growing season i n  the  subalpine zone and t o  -15, -leo i n  the  a lp ine  
zone. The temperature conditions a t  the  grea te r  a l t i t u d e s  of t he  a lp ine  zone /73 
and lower p a r t  of t h e  snow l i n e ,  where individual  species  of higher p l an t s  a r e  
s t i l l  encountered, must be assumed t o  be even more aus te re ,  although t h i s  area 
h a s  been studied comparatively l i t t l e ,  s ince the  meteorological network of t he  
Pamirs encompasses mainly the  %ore inhabitable" regions of t he  subalpine zone, 
whereas .it g rea t e r  a l t i t u d e s  the re  are only g l a c i e r  s ta t ions .  The meteorological 
conditions recorded here a r e  q u i t e  spec i f i c  and d i f f e r  widely from the  weather 
cha rac t e r i s t i c s  of Alpine meadows. The meteorological observations i n  t he  
region o f  t he  permanent Alpine S ta t ion  of t h e  Paniir Biological S ta t ion  a r e  being 
carr ied out qu i t e  unsystematically and only when s c i e n t i s t s  a r e  working there. 

According t o  the  fragmentary da ta  i n  t h e  a r t i c l e s  (1950) by T.K.Kishkovski;
(Bibl.27 a),t he  maximal daytime temperatures of t he  surface l i e  i n  the  range 
from +126 t o  +4CoC i n  the  region of  t h i s  Stat ion.  The moisture cor1ter.t o f  the  
s o i l  during t h e  growing season v a r i e s  within wide limits. For example, a t  the  
s t a r t  of t he  growing season, t h e  moisture reaches 30:; a t  the  s o i l  s r f a c e  and 
l a t e r  drops below 3.6% a t  the  surface and t o  10 - 12; a t  a depth of 1m. I n  
August, t he  humidity during the  daytime hours drops t o  2.9 m absolute and t o  
17%re la t ive ,  and even t o  l e s s  on some days. However, such low humidity values 
as noted on the  l e v e l  plateaus of t he  scbalpine zone a r e  not encountered here, 
which again confirms the  foehn-like dry wind nature  of  this phenomenon usual ly  
associated with strong winds caused by t h e  breakthrough of considerable a i r  
masses from t he  highest  mountain ranges surrounding the  plateaus with the  re
su l t an t  intense ad iaba t ic  dehydration, followed by heating when the  a i r  masses 
descepd t o  the l o w e r  ly ing  (by 20CO - 2500 m )  p l a ins  o� the  plateaus of Eastern 
Pamir. The Alpine meadows s i tua ted  along the  higher port ion of t he  plateaus or 
along the  slopes of t he  comparatively gent le  i n t e r sec t ing  plateaus of t he  ranges 
and, individuzl  summits, r i s i n g  general ly  by no more than 1000 - 1500 m above the  
lowland as p a r t  of t h e  plateaus,  a r e  l e s s  subject  t o  the  e f f e c t  of t he  foehn-
type winds. More precisely,  t he  degree of ad iaba t ic  deb-ydration and warming of 
t h e  subsiding a i r  a t  these a l t i t u d e s  i s  appreciably l e s s ,  although i t s  e f f e c t  i s  
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riot er,tirel:i absent. Actually, t he  appreciable increase i n  t h e  i n t e n s i t y  of 
s o l a r  rad ia t ion ,  which we noted i n  several of  our observations, i n  t h e  presence 
of a s i d t a n e o u s  decrease i n  the  i n t e p s i t y  of  d i f f u s e  r ad ia t ion  and a no less  
abnipt increase i n  t h e  tracsparency of t h e  atmosphere during t h e  foehn winds 
ir ,dicates t h e  considerable thickness of  t h e  near-ground layer of a i r  involved 
ir, t h i s  p?,enomenon; a s  a ni le ,  t h e  g rea t e r  t h e  s t rength  of  t he  drying winds, t he  
more marked i s  t h e  increase ir! t he  i n t e n s i t y  of  incident  rad ia t ion  on t h e  p l a n t s  
and the g rea t e r  i s  t h e  increase i n  t h e  transparency of t h e  atmosphere and, conse
qder!t,lJr, t!:e g rea t e r  will be tlre thickness of  t h e  a i r  layer subaject t o  dehydra
tiorL. Aero-spoptic analyses of  t h e  d a t a  of t h e  Weattier Bureau of t h e  Adrini
s t r r t l o n ,  @drolo=ical and !.:eteorological Service o.f Tadzhilc SSR, confirmed t h i s  
ar,cl shcwed t h a t  ti;e generation o f  foenn-like - ~ n d si s  usual ly  associated with 
t k ; e  passage o f  soxe po r t i cns  o f  t h e  periphery of i n t ense  anticyclones, leading 
t o  the  s p i l l i n g  or' l a r g e  a i r  rasses through t h e  rnountairi ranges surrounding 
Parriir. The usual afternoon rise i n  wind ve loc i ty  i s  associated with an increase,  
during ';he nidday hours, o f  t h e  temperature difference between t h e  zone of  
e t e r n a l  snows and q l a c i e r s  and t h e  heated surface o f  t he  dese r t  and semi-desert 
o f  t he  lowland p a r t  of  t he  p l a t eac  and c l i f f s  i n  t h e  subalpine zone o f  Eastern 
Pamir. Taking i n t o  accourit t h e  predominarrce of  melanocratic components of t he  
main rocks, t h e i r  decomposition products, and t h e  prevai l ing s o i l s  of  Eastern 
Pamfr ,  as well  as the  r a the r  high i n t e n s i t j  of  s o l a r  rad ia t ion  which i s  almost 
twice the maximal ir,dices f o r  Tashkent, and t h e  l a r g e  number o f  c l e a r  sunny days 
p e r  year ,  we cap. eas5ly imsgine how g r e a t  and stable these  differences can be, 
whickl i s  also t r c e  for the  s t rength  of  t h e  r e s u l t a n t  winds and f o r  t he  super- & 
posit iorl  of ad iaba t i c  dehydration and heating processes i n  the  subsiding a i r  
m a  sse s . 

The e f f e c t  of  t he  foehn phenomena and t h e  p e r s i s t e n t  - f o r  t h e  most p a r t  
strong - winds durlng t h e  afternoon hours makes t h e  re la t ive humidity, even i n  
the  a lp ine  z m e  of  Easterr, Pamir a t  a l t i t u d e s  of t h e  order  of  L200 - 5200 m 
above sea l e v e l ,  approach t h e  ind ices  of  t he  h o t t e s t  d e s e r t  regions of t h e  USSR 
where the  l a t t e r  drop below 3@$ only on a f e w  i so l a t ed  days. 

On the  average, only about 105 mm o f  p rec ip i t a t ion  fa l l s  during t h e  growing 
period i n  the  a lp ine  zone, and then o n l y  i n  so l id  form (snow, ha i l ) .  Under 
Pamir conditions, t h e  boundary of all-year so l id  p r e c i p i t a t i o n  extends t o  a 
height of LCOC - L200 m zbove sea l e v e l  o r  coincides approximately with t h e  
lower bour,daq of  t h e  a lp ine  zone. 

The s ta r t  o f  p l an t  growth i n  t h i s  zone, according t o  the  1950 d a t a  by TOR. 
Kishkovskiy (Bibl.2&), occurs during t h e  period between June 11,and 25 and pro
ceeds r a t h e r  rapidly. Already by t h e  second or t h i r d  day a f te r  thawing of  t h e  
snow cover, vigorous development of  vegetation begins. The thawing periods of 
t h e  snow cover are int imately connected here with t h e  character  of  t h e  meso
aEd microrelief and e-xposure of  t h e  slopes. 

I n  t h e  region of  t h e  permanent Alpine S t a t i o n  of  t h e  Pamir Biological Sta
t i o n  the re  are about 50 species of higher p l a n t s  belonging t o  16 families, o f  
which monocotyledons (Gramineae, Cy-peraceae, Liliaceae,  Juncaceae) comprise 25% 
w h i l e  dicotyledons [Leguminosae, Cruciferae (Brassicaceae), Compositae, Primu
laceae,  Ranunculaceae, Saxifraga, Gentianaceae, Labiatae, Polygonaceae, Caryo
phyllaceae, Crassulaceae] comprise 75%. According t o  t h e  types of viable forms 
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( R a t e r )  t h e  helicryptophytes make up t h e  overwhelming majority (up t o  E!O%), 
followed by cry-ptophytes (12$), chamaephytes (6,"), and therophytes (25). There 
a r e  no phanerophytes i n  t h i s  region, 

Some p lan t s  (Primula n i v a l i s  P a l l ,  oxygraphis g l a c i a l i s  (Fedtsch) Bge., 
Chorispora macropoda Trautv., etc.] begin t o  grow and even bloom here while s t i l l  
under the  snow. Both during the  first and las t  days of t h e  growing season, t h e  
p l an t s  a r e  sub<ject f o r  more than 1 2  hours t o  t h e  e f f e c t  of negative temperatures 
which, by morning, of ten  reach -8'C a t  t h e  s o i l  surface and -12.5 t o  -15.8C on 
t h e  surface of t h e  snow i n  the  immediate v i c i n i t y  of t h e  plants .  The t o t a l  
growing season las ts  S5 - 95 days. Establishment of t h e  vegetat ive and flower 
buds, even up t o  a d i f f e ren t i a t ed  flower, occurs while it i s  s t i l l  s m e r .  
During the  ear ly  spring, t h e  p l an t s  rapidly r eac t  (within 1 - 2 days, according 
t o  data  by T.N.Kishkovskiy) t o  an increase i n  daytime temperature and frequently,  
even under a heavy snow cover, s tar tgrowing;  i n a  number of cases, blossoming 
occurs before complete melting of t h e  snow. 

Tne start of t h e  blossoming and frui t -bear ing s tages  of o ther  p l an t  species 
of t he  a lp ine  zone of  Eastern Pamir i s  sh i f ted  t o  the  end of July and beginning 
of August ( f i r s t  half  ). 

The vegetat ive s tage i n  a l l  p l an t  species  ends by September 2G. Despite 
the  predominance of negative s o i l  temperatures during 9 - 1 0  months of t'ne year, 
t h e  root systems of a number of p l an t s  [ f o r  e,.cample, Oxytropis immersa (Baker) 
Bge.,Parrya excapa C.A.Mey,etc.]reach a depth o f  35 - LO cm and, more ra re ly ,  
even 70 cm. T.N.Kishkovskiy explains this by the  rapid heating of the  s o i l  a t  
great  a l t i t u d e s  owing t o  t h e  intense inso la t ion  (Bib1.a) .  

TABLE L 

TDPERATUFCE FLUCTUATIOK3 kT THE SOIL SURFACE, V I C I T J I T I  
OF THE PEE4AFFNT ALPINE STATION OF THE PAMIR BIOLOGICAL 
STATION (ELEVATION, 4800 m ABOVE SEA LEVEL) FROM 

AUGUST 25 TO SEPTENBER 2, 1951 (IN " C )  
-	 ._ - - _-

Augu8t _ _  . 1 September 
. -Temperature-!
26 1 2 7  1 2 8  1 2 9  1 3 0  ( 3 1  I I ( 2  

With respect  t o  t h e  cha rac t e r i s t i c s  of temperature conditions i n  the  regions 
of t he  permanent Alpine S ta t ion  of t h e  Pamir Biological  S ta t ion  encountered & 
during our spec t ra l  survey of t h e  p lan ts ,  we a r e  giving (Table 4 )  t he  absolute 
deviat ions of surface temperature based on the  observational da ta  by Shop. 
Darchiya (August 25-27) and A.P.Kutyreva (August 28 t o  September 2). I n  addi
t ion ,  the  temperature of t h e  p lan ts ,  a t  t he  moment of  photographing, i s  indi
cated on a l l  spec t r a l  br ightness  curves of t h e  plants .  



TABLE 5 

MEAN ATMOSPHERIC PRESSURE I N  (m)" DUMNG OBSEZFLVATIOKAL 
PERIOD OF THE OPTICAL PROPmTIIB OF PLANTS AT VARIOUS 
ALTITUDE ZONES OF PkMIR AND AT ALNA-ATA, AFJD HIGHZST 
STAND OF THE SUN 	 ON THE DAY OF THE SMER SOLSTICE 

AT THESE POINTS 

1 G e o g r a p h i c  C o o r d i n a t e .  I:: E 
-

N a t u r a l  Zone 
H e i g h t  

L a t i t u d e  L o n g i t n d e  	d o r e  Sea 
L e v e l ,  m 

~ ____ 
E a s t e r n  P m i r  

ZOr- Ch e c h ek t y  Snow 1i n t  I 38"07' 73":12' r 200 
A l p i n e  zone 47Gll 

Chechek t y  Snba1p i n  e 
zone I 38"Il' 7401 I '  3860 

& u t  he as t e r n  a h o r  I 
of Lake Y a s h i 1 ' - , I Oi"S0'  75"OO' 3660
K u l '  fSasyk-Bul . i r  I 
Gorge) 

' Dzhel andy 
1 
I 37"40' 74O3I ' 3440 75047 ' 495 

Western  P a m i r  

C a r l - C h  amhaa T u g a i - s h r u b  b e l t  17" 71° 2500 . 7 ~ 1 0 '  560 

Khorog. 37029' 71O32' 2310 75059' 580 

B o t a n i c a l  Garden  

S t d i n b a d ,  I

I 
F o o t h i l l  zone of 38O35' 68017' 824.03 74O52' 698 


B o t a n i c a l  Garden  d r y  s u b t r o p i c s  of 

C e n t r a l  A s i a  

F o o t h i l l s  of Z a i l i y s k i y  A l a t a u  ( N o r t h e r n  T i e n  Shan)  

Alma- Ata ,  F o o t  h i  11 1 43015' I 76Oj6' 1847.8 1 70°12' 1 695" 

Aatrobo t an i c  a1 o r c h a r d - s t e p p e  

Garden  I zone I 


><
Note: " A t  a l l  high-mountain points ,  t he  atmospheric pressure 

was read from an aneroid barometer, subsequently corrected 
for . the sca le  and temperature. 

In  concluding our  discussion of t h e  physical cha rac t e r i s t i c s  of  t h e  spec t ra l  
inves t iga t ion  region i n  Pamir and of t h e  m a i n  experimental base of t he  Astro- ,& 
botany Sector i n  A l m a - A t a  taken f o r  comparison, we are giving (Table 5 )  t h e  m e a n  
atmospheric pressure observed during t h e  observational period, f o r  t he  elevat ion 
o f  these  s i t e s  and t h e  highest  stand of t h e  sun on t h e  day of m e r  so l s t i ce ,  
which are needed f o r  extrapolat ing t h e  results of  spec t r a l  inves t iga t ions  of 
t e r r e s t r i a l  p l an t s  t o  planetary data.  
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3. 	Instruments, Method of Observation-and~~ Work-up of Data of t h e  
Field Spectral  Recording of P lan t s  

So as t o  most fully cover a l l  aspec ts  of  t he  rad ia t ion  regime and radiatior,  
p roper t ies  of p lan ts ,  with a p o s s i b i l i t y  for t h e i r  subsequent c l a s s i f i ca t ion  by 
standard cha rac t e r i s t i c s  and a l so  t o  account f o r  t h e i r  v a r i a b i l i t y  dur ins  days 
of atmospheric o p t i c a l  periods, t he  observations were car r ied  out  - d t h  a l a rge  
assembly of actinometric and o p t i c a l  instrumefits. 

To ca lcu la te  t h e  energy balance of t he  incident  rad ian t  e n e r s  and i t s  
u t i l i z a t i o n  by the  p lan ts ,  with summation of t he  rad ian t  enera.; f o r  the  tn ree  
port ions o f  t h e  spectrum most important t o  the  v i t a l  a c t i v i t y  of  p l an t s  
(360 - 570; 570 - 680; and 680 - 30GG no), we used Yu.D.Pa.nishevskijrts pyrsnc
meter system w i t h  a s e t  of Schott color  f i l t e r s  and f i l t e r s  made by the  IzyumskLg 
plant.  For t he  de t a i l ed  methodological inves t iga t ions  a t  t h e  m i n  base of t he  
Sector a t  Alma-Ata, we used a l a rge  s e t  of narrower l i g h t  f i l t e r s ,  incPJdinq 
u l t r a v i o l e t  and ebonite-infrared; t h e  l a t t e r  separated t h e  port ions of the  
spectrum from 700 t o  1700mu. 

For a f i n e r  ca lcu la t ion  or t he  changes in op t i ca l  p roper t ies  o f  tiie atmos
phere, we used a sapphire cyanometer of G.k.Tikhovfs system with a s e t  of 
colored g l a s s  Schot t  f i l ters ,  bp  means of which we recorded the  br ightness  d is 
t r ibu t ion  and the  color  of t h e  c e l e s t i a l  vaul t  a t  the  solar v e r t i c a l  (every 19 
on both s ides  of t he  sun) and observed the  magnihde and br ightness  of  t he  solar 
corona. The preliminary r e s u l t s  of  these inves t iga t ions  were publistied ir 
V01.111 of t he  Transactions o f  t he  Astrobotany Sector (2ib1.37, 1955). 

For a more d i f f e ren t i a t ed  (by wavelengths) ca lcu la t ion  oi" the  spec t ra l  
d i s t r i b u t i o n  o f  d i r e c t ,  d i f fuse ,  and t o t a l  rad ia t ion  inc ident  on the  p l an t s  and 
f o r  a calculat ion of t he  va r i a t ion  i n  energy d i s t r ibu t ion  over the  spectnur, a t  
the invest igated a l t i t u d e  zones, by seasons of t he  year and bl- da:.:s of atmos
pheric: op t i ca l  periods, and i n  some cases the  abnipt changes ir ,  op t i ca l  proper
t i e s  of t he  atmosphere, Tor example, i n  the  presence of  foekLn-like winds  ir. 
Eastern Pamir,  e tc . ,  we used a quartz spectrograph. Since these inves t iga t ions  
were carr ied out  i n  p a r a l l e l  and s iml taneous ly  w5th tne  f i e l d  spec t ra l  inves t i 
gat ions of p i an t s  which were a l so  i n  d i r e c t  sunl ight  and i n  d i f fuse  l i g h t ,  t he  
r e s u l t s  can be published only a f t e r  complete work-up of a l l  da ta  of t he  spec t ra l  
photographing by A.P.Kutyreva per ta in ing  t o  this subject  (1950 - 1?55), both o f  
t he  high-mounta-in and seasonal and methodological inves t iga t ions  a t  the  main 
base of  t h e  Sector. 

The publ icat ion of  t h e  material of t he  pyranonetric inves t iga t ions  :Jill be 
held up, since the  mentioned da ta  o f  t h e  spec t r a l  inves t iga t ions  a re  needed i n  
correcting the  r e s u l t s  of t he  pyranometric observations f o r  t he  f luc tua t ions  ix 
s e n s i t i v i t y  of these instruments, which take place on va r i a t ions  i n  the  spec t r a l  
energy d i s t r ibu t ion  of t h e  rad ia t ion  recorded by the  instrument. A calculat ion 
of  such correct ions i s  especial ly  important when analyzing t h e  mater ia ls  of t he  
Alpine . invest igat ions.  

The general r e s u l t s  w i l l  be given i n  a summary monograph; i n  t h i s  a r t i c l e ,  
we will mainly d iscuss  the  r e s u l t s  obtained from the  spec t r a l  photographs of fl 
the  p l an t s  of  t h e  two upper regions. 
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F i r s t ,  I n i t i a l  Stage i n  the  Field Determinations of t he  Spectrum 
of P lan t s  and SubsequeRt Calculation of t h e i r  Radiation Balance. 

Spec t ra l  cha rac t e r i s t i c s  of individual  elements of t h e  op t i ca l  
p roper t ies  of p l an t s  ( r e f l ec t ion ,  transmission) p lus  self-emission 
which combines fluorescence and chemilu!nescence and en te r s  a s  an 
inevi tab le  component into t h e  spectrum of both t h e  former and t h e  
l a t t e r  element of t h e  o p t i c a l  p roper t ies  of p l an t s  under f i e l d  
conditions. 

Fig.2 1 - Spectrum of  l i g h t  r e f l ec t ed  by a l e t t u c e  l e a f  along 
the  normal i n  d i r ec t ion  of t he  incident  raps. 
2 - Spectrum of l i g h t  transmitted through t h e  l e t t u c e  l e a f  along the  
normal i n  d i r ec t ion  of t he  incident  rays,  along t h e  s o l a r  ray,  i n  
broad daylight.
3 - Same, through a p lan ta in  l ea f  (Plantago lanceolata  L.). 
I ,  - Same, through a yellow cabbage l e a f  (va r i e ty  Slava).
5 - Same, through a dark- l i lac  co l la rd  leaf. 
6 - Same, through a dark-green wild chickory l e a f  (Cichor im intubus L. )
7 - Same, through a dark-claretleaf of t he  red beet.  
8 - Same, through a dark-green leal" o f  t h e  red beet. 
9 - Same, through a l i g h t  l e a f  of  t h e  yellow-green beet.  
1 0  - Same, through a pale ,  dull-green sunflower leaf (Helianthus 
omuus ). 

11 - Same, through cucumber l ea f .  


Fig.3 1 - Spectrum of l i g h t  re f lec ted  by dark-cerise o f  the  
seed c l u s t e r  of t he  red amaranth p lan t  (Amaranthus caudatus var. rubra). 
2 - Same, by l i l a c  leaves with b lu ish  d u l l  blush, of kohlrabi. 
3 - Same, by young leaves o f  another p l an t  of  t h i s  cabbage species of 
an even darker l i l a c  color. 
4 - Spectrum of solar rays  transmitted through t h e  l e a f  of t h i s  cabbage 
species, 
5 - Sane, f o r  rays reflected by p l a s t e r  of Par is ,  through l ea f .  
6 - Spectrum of l i g h t  re f lec ted  by a cabbage l e a f ,  var ie ty  Amager ( la te -
r ipening)  w i t h  d i s t i n c t  b lu ish  sheen. 
7 - Same, by leaf of  ea r ly  cabbage No.1 (with more pronounced greenish 
hue ). 
8 - Spectrum of t o t a l  sunl ight  transmitted through l e a f  of late-ripening 
cabbage Amager,
9 - Same, transmitted by l ea f  of ea r ly  cabbage Nc.1 from upper side. 
1 0  - Same, from underside of same l e a f .  
11 - Spectrum of l i g h t  re f lec ted  by p l a s t e r -o f -Pa r i s  screen, through 
sane l e a f  (cabbage No.1). 

Fig.4 1 - 11- Spectra of photometric sca le  obtained from standard 
p las te r -of -Par i s  screen, with a l a rge  s e t  of diaphragms (chara t e r i s t ' c s  
shown i n  Table 7). fcont f d) 
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The photo,graphs were taken by A.P.Kutyreva of  t he  Astrobotany 
Sector, using a quartz spectrograph with inf ra red  p l a t e s  made by AGFA 

(German Democratic Republic) i n  t h e  region of  t he  Pamir Eotanical Garden, 
Academy of Sciences Tadzhik SSR ( i n  t h e  v i c i n i t y  of  Khorog, Western 
Pamir, elevation 2320 m above sea l eve l ) .  

The p lan t  spectra were obtained with a f i e l d  quartz spectrograph of t h e  
B r i t i s h  I!ilger systein, modified f o r  f i e l d  work by G.A.Tikhov, using t h e  method 
of f i e l d  invest igat ions based on t h e  p r inc ip l e  of  relative spectrophotometry 
which i s  s t a n d a d  procedure i n  t k e  Astrobotany Sector. 

The instrument i tsel f  and t h e  basFc p r inc ip l e s  and techniques of f i e l d  
i cves t iga t ions  were described i n  d e t a i l  ir, several monographs and a r t i c l e s  of 
s c l e n t i f i c  coworkers and postgradcates of  t h e  AstrobotanJr Sector (Bibl.llL, 30, 
32, 87, 6 9 ) ;  therefore,  we w i l l  omit t h e i r  descr ipt ion and c i t e  only t h e  char
a c t e r i s t l c s  of c e r t a i n  of  t he  most important general and spec i f i c  aspec ts  o f  
t he  f i e l d  work  i n  t he  Pamirs. 

Photographing o f  t h e  p l a n t s  and t h e  conparison standard ( a  p l a s t e r -o f -Pa r i s  
screen) with the  spectrograph was ca r r i ed  out along a sun ray i n  a d i r ec t ion  
normal t o  the  surface o f  t he  investigated plant .  I n  the  determinations of t h e  
s p e c t m  of li37:it r e f l ec t ed  by t he  p l an t  we permitted only s m a l l  deviat ions from 
the  n o m l ,  within AS?, whereas t h e  determination of t h e  spectrum of  l i g h t  trans
mitted by the  p l an t  w a s  done s t r i c t l y  along t h e  normal, i .e . ,  with d i r e c t  sight
ing a t  t he  sun, ;:e rigorously maintained t h e  same dis tance t o  the  photographed 
ob jec t s  arid plaster-of-Paris  screen. To take i n t o  account t h e  e f f ec t ,  on t h e  
o p t i c a l  propert ies  of plar?ts, of t h e  i n t e n s i t y  and spec t r a l  d i s t r i b u t i o n  of  t he  
f1-xof  rad ian t  eners,r, t he  trar,smission spectrum of t h e  leaf was  determined 
both from t he  sun ar?d from t h e  plaster-of-Paris screen, i .e.,  a f te r  photograph
ing t h e  transmissior spectrum of  t h e  leaf with d i r e c t  s igh t ing  a t  t h e  sun, t h e  
spectrog-aph was turned through E O o ,  a f t e r  which we photographed the  spectrum 
or^ fhs rays re f lec ted  by tne  plaster-of-Paris screen and transmitted through 
the  leaf Ir. broad dayl ight  and fror?. t h e  p l a s t e r  of Par i s ,  protected by a spec ia l  
shading screen. 

The spectrum of rays r e f l ec t ed  by t h e  p l an t  was a l s o  photographed i n  f u l l  
dayl ight  and i n  d i f f u s e  l i g h t ;  i n  t h e  l a t t e r  case, t he  d i r e c t  s o l a r  rays w e r e  
obstnicted by a spec ia l  shading shield.  Tne photometric s ca l e  for t he  p l a s t e r  
of P a r i s  w a s  obtained under t h e  same conditions. To t ake  i n t o  account t he  
superposition o f  t he  e f f e c t  o f  i l luminat ion and temperature conditions before 
photographing, individual  p l an t  species were photographed both on c l e a r  and on 
uniformly overcast  days. Spec t r a l  photographing of  t h e  p l a n t s  w a s  car r ied  out  
f o r  t h e  most p a r t  i n  double and t r i p l e  rep l ica t ions ,  and i n  individual  port ions 
of  t h e  spectrum, i n  six- and e ight fo ld  r ep l i ca t ions  (photographing o f  t h e  same 
p l a n t s  on th ree  types of  photographic p l a t e s  with a set  of  diaphragms), 

I n  each case, when photographing t h e  p lan ts ,  we determined t h e  temperature 
by a thermometer pl.aced among t h e  p l a n t s  close t o  t h e  invest igated port ion of 
t h e i r  surface. 

Furthermore, t h r e e  t imes a day we determined t h e  sur face  temperature and 
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humidity close t o  the  p l a n t s  by means of a portable  A s s m a n r i  psychrometer; t he  
l imi t ing  and prevalent  temperatures .a t  t he  surface of t h e  s o i l  and of t he  p l an t  
a s  w e l l  as the  wind ve loc i ty  were measured by a mercury anemometer and the  
atrnospheric pressure , by an aneroid barometer. 

Visual observations of t h e  cloud cover ar,d s t a t e  of t h e  atmosphere were 
carr ied out  during t h e  e n t i r e  photographic period; t he  visibi1it :r  was determined 
i n  various d i r ec t ions  t o  the  horizon, etc., w i t h  t h e  d a t a  being recorded i n  a 
log. 

T o  photograph t h e  spectra  of p lan ts ,  we used Soviet  photographic p l a t e s  
produced by the  All-Union Research Motion Pic ture  Photographic I n s t i t u t e ,  
Taninfrachrome" with a s e n s i t i v i t y  of H eC D o f  &GO and "Infrachrome" with a 
speed r a t ing  o f  H 8 D of 25 and 260, as wel l  as imported German p l a t e s  of AGFA 
ftiistroplaten" panchromatic and AGFA "Infrarot  Platen" e50 Rapid. This s e t  of 
p l a t e s  enabled us, together  with t h e  quartz spectrograph, t o  obtair. the  char- /78 
a c t e r i s t i c s  of p l an t s  over a r a the r  l a rge  por t ion  of  t h e  spectrum, from 30G t o  
900 mw. The German inf ra red  p l a t e s  permitted a r e l a t i v e l y  f a r  penetration i n t o  
the  inf ra red  spectrum region (up t o  900 m y  and more), and the  high s e n s i t i v i t y  
of these p l a t e s . i n  t h e  v i s i b l e  spectrum region w a s  highly usefu l  i n  deterr6nin.g 
the  negl ig ib ly  small coe f f i c i en t s  of spec t r a l  br ightness  of t he  P&r alplne 
p l an t s  i n  t h i s  region, espec ia l ly  i n  overcast  weather, as well  a s  i n  de temining  
the  spectrum of  rays  transmitted by the  l ea f .  P l a t e s  with a counter-corona 
l aye r  (AGFA-Astroplaten, panchromatic) were used t o  r e f ine  t h e  cha rac t e r i s t i c s  
i n  t h e  region of t he  yellow-green maximum of r e f l ec t ion  and transmission c f  
l i g h t  by the  p l an t s  and for photographing colors,  s ince the  Soviet  p l a t e s  Panin
frachrome and Infrachrome had a l a rge  dead spot prec ise ly  i n  t h i s  region. 
Figures 2, 3 ,  and 4 show the  spectra of p l an t s  and t h e  photometric sca le  w i t h  
respect t o  p l a s t e r  of P a r i s  on inf ra red  photoplates made by Agfa ( G e m - Demo
c r a t i c  Republic). To develop t h e  p l a t e s  we used metol-hydroquinone developer. 
Development of each individual  p l a t e  took L min  a t  a developer temperature of 
+ l @ C .  Fixing of t h e  developed negatives was  done i n  a n  acid f ix ing  bath and 
took 15 - 20 min. I n  a l l  cases of development and f ix ing ,  only fresh solut ions 
were used, The negatives were washed with d i s t i l l e d  water f o r  2 hrs. Paired 
negatives (%bookletsrt) were developed and fixed simultaneously. 

Photometering of some of t h e  negatives w a s  done on a nonrecording photo
e l e c t r i c  microphotometer MF-2 and some on a recording microphotometer W - L ,  
which a r e  avai lable  a t  the  Astrobotany Sector. A check showed sa t i s fac tory  
agreement of t he  photometric r e s u l t s  ( the  r e l a t i v e  e r r o r  d id  not exceed +2%). 
The check was  carr ied out  f o r  p l an t  spectra  photographed i n  three  and more r ep l i 
cations.  

It was  necessary t o  eliminate t h e  random e r r o r s  i n  t h e  calculat ions produced 
by reducing the  br ightness  coef f ic ien ts  recorded from t h e  cha rac t e r i s t i c  curves 
t o  t h e  first diaphragm and baryta  ( the  br ightness  coe f f i c i en t  of baryta a t  a l l  
wavelengths of t h e  invest igated port ion of t h e  spectrum w a s  taken as unity).  
For t h i s  purpose, after checking on the  constancy of t h e  r a t i o s  of spec t ra l  
br ightness  coef f ic ien t  of t h e  plaster-of-Paris screen used i n  our work t o  baryta  
i n  t h e  31G - 750 mw spec t r a l  region (average Kl = 0.82 & 0.019) and thus on t h e  
d i r e c t  relatioiiship between t h e  i n i t i a l  and unknown values,  we p lo t ted  t h e  curve 
f o r  extrapolat ion from t h e  values of  Kx taken from t h e  cha rac t e r i s t i c  curve t o  
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CMRACTZRISTICS OF THE DIAPHRAGM SET OF THE QUARTZ 
SPECTROGRAPH USED I N  THE WORK 

-
I Number of DiaphraRm 

I .64G 2.056 2.470 3.162 4.005 ' 5.0;G 6.357 

9.7904 15.783 n.050 35.$50 58.030 F3.\10 145.083 
U.9YU8 I .  1842 I .3434 1.5580 1.7633 I .%YO 2.1616 

t h e  urllmo-m corrected value o f  t h e  br ightness  coe f f i c i en t  re fer red  t o  baryta  
(F ig .  5>. 

This dependence i s  extremely simple i n  a l o g a r i t h r i c  expression, namely: 

l o g  I, = l o g  4, - l o g  I, - l o g  P., 

wkLerc 
log I, = value o f  Kx recorded from the  c h a r a c t e r i s t i c  curve; 
l o g  Id = l o g a r i t h  o f  t h e  br ightness  of  t he  diaphragm through which a 

p a r t i c u l a r  ob jec t  w a s  photographed; 
log 1' = logzrithm of  t h e  difference o f  t h e  br ightness  coe f f i c i en t s  of  

b a r y t a  and p l a s t e r  of  P a r i s  a t  a given wavelength; 
log 11 = unknown value o f  Kx expressed i n  logazit'hms. 

Table h shows the  c h a r a c t e r i s t i c s  of  t h e  se t  or' diaphragms of our  spectro
graph, used for obtaining the  photometric s ca l e  and a port ion of  t h e  Table /sc;
of extrapolation from t h e  values of t h e  spec t r a l  br ightness  taken from the  char
a c t e r i s t i c  c ~ r v et o  the  f i n a l  d a t a  reduced t o  t h e  first diaphragm and baryta  f o r  
t he  12th diaphragm. For eacn o t h e r  diaphragm, t h e  dependences change according 
t o  the  change of t h e  value of l o g  d. 

To a l l o w  f o r  t h e  superposition of  t h e  moisture sa tu ra t ion  of t h e  inves t i 
gated p l an t  t i s s u e  i n  t h e  humid and d ry  a lp ine  regions on t h e  s p e c t r a l  charac
t e r i s t i c s  of t h e  o p t i c a l  p rope r t i e s  of  t he  p lan ts ,  we determined t h e  moisture 
content both i n  re la t ive  ( i n  $ of  d ry  weight) and i n  absolute u n i t s  (mg/cnf), 
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i .e. ,  per  un i t  of leaf surface; only those l e a r e s  whose spectrum was photograph& 
were investigated.  The conventional ana ly t i ca l  method w a s  used. Results a r e  
indicated a t  t h e  beginning of t h e  a r t i c l e .  

Fig.5 Curve f o r  Exhapolat ion from t h e  Spec t ra l  Brightness 
( log  I,)Taken from t h e  Charac te r i s t ic  Curves t o  the  Final 
Results Reduced t o  t h e  F i r s t  Diaphragm and Baryta (Reflection 

of t he  Baryta Screen i n  the  Invest igated Portion of t he  
Spectrum 320 - 760 m v  Arb i t r a r i l y  Taken as Unity) 

1 - l og  I1 i s  the  logarithmic expression of  t he  unknown r e l a t i v e  values 
of t h e  spec t ra l  b r ightness  of p l an t s  photographed through the  12tyl dia
phragm f o r  a s t ab le  average d i f fe rence  between t h e  logarithms of t he  
spec t r a l  br ightness  of t h e  baryta and p las te r -of -Par i s  screens a t  each 
given wavelength (average, l og  = 0.@61 i n  t h e  spec t r a l  port ion from 
320 t o  750 mp). The numerical values of  l o g  II a r e  l a i d  off  on t h e  
ordinate  t o  the  l e f t .  2 - K l  a r e  t h e  numerical values of t h e  coeff i 
c i en t  of spec t r a l  br ightness  of the  p l an t  reduced t o  t h e  first dia
phragm and Baryta (for t h e  case of photographing p l an t s  through the 
12th diaphragms). The numerical expressions of Kk are l a i d  off  on 

t h e  ordinate  t o  t h e  r igh t .  

P r i o r  t o  publication, we repeatedly checked t h e  ca lcu la t ions  for a l l  spectrL
and photometering was repeated f o r  t h e  most prominent peaks, which confirmed t h e  
correctness of t h e  cha rac t e r i s t i c s  of the  o p t i c a l  p roper t ies  of Pamir  p l an t s  re
corded on spectra  and of  t h e i r  individual  pathological  deviat ions upon abrupt 
changes i n  environmental conditions. 

To conclude t h e  descr ip t ion  of t he  method of as t robotanica l  invest igat ions 
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TABLE 7 

Eiw\iPLE OF EXTRAPOMTION FROM IEITIAL VALUES OF THE SPECTRAL 
BRIGHTNESS (log X , A )  TAKE24 FRO11 TiIE CHARACTERISTIC CURVE 

TO THE FINAL RESULT (log I l h . )  REDUCE) TO THE FIRST 
DIAF'HMGM AND BARYTA (12th DIAPHRAGM)" 

~~- - _  ___ 

10 I log  1, 1 log lo \ l o g  1, Ilog lo I log 1, log  1, 
-

1.000 
-
2.7505 1,250 

-
1.500 

-
1.2505 1 1.7SO 

-
1,5005 

01 7605 26 l*: 51 2s 76 51 
02 77 27 02 52 27 77 52 
03 78 28 03 53 28 I8 53 
04 79 29 04 54 -29 79 54- 

0505 1,550 1,3005 1,800 1,55051,050 2.8005 1,300 i,
06 81 31 06 56 31 81 56 
07 82 32 07 57 32 82 57 
08 83 33 18 58 33 83 58 
09 84 34 09 59 -34 84 59--

1.100 8505 1,350 1,1005 1,600 1,3505 1,850 1,6005 
11 86 36 I1 61 36 8G 61 
12 87 37 12 62 37 87 67 
13 88 38 13 63 38 88 63 
14 89 39 - 11 64 39 89 64-

1,150
16 91 4 1  16 66 41 91 66 
17 92 42 17 67 42 92 67 
18 93 43 18 68 43 93 68 
19 94 44 19- 69 44- 94 - 69 

I ,200 
21 

2,9505
96 

1.450 
46 

1.2OO5 
21 

1,700
71 

1.4505 
46 

1,950
96 

1,7005
71 

22 97 47 22 72 47 97 72 

2,9005 1,400 1,1505 1,650 1,4005 I ,900 E6505 

23 98 48 23 73 48 98 
24 99 49 24 74 49 99 

$5 A standard m a t t e  p las te r -of -Par i s  p l a t e  manufactured from chemi
call;r pure gypsum with lo$ magnesium was used as t h e  control  screen. 

carr ied out i n  the  Pami r s ,  we should note  the  excessive d i f f i c u l t i e s  and the  /81
present impossibi l i ty  of  taking i n t o  account, i n  t he  f i e l d ,  t he  widely f luc tua t 
ing  conditions of photography and i l luminat ion i n t e n s i t y  which g rea t ly  handicaps 
the  processing of t he  data.  An example i s  the  unexpectedly high increase i n  
i n t e n s i t y  o f  t he  rad ia t ion  s t r i k i n g  the  p l an t s  during the  foehn, even a t  l o w  
pos i t ion  of t he  sun. A sudden sandstorm, t h a t  blew up while photographing 
during a gusty foehn-like wind, upset t h e  spectrograph and t h e  minute dus t  
p a r t i c l e s  which penetrated t h e  f i l m  holder caused small white spots  t o  appear 
or, the  spectra. Consequently, tine spectra  could be processed only on a highly 
s e m i t i v e  microphotometer with photoelectron amplif iers ,  s ince a measurement of 
t h e  dens i ty  or" t he  negative wi%h respect  t o  the  spectrum i n  t h i s  case i s  pos
s i b l e  only with a very narrow and low slit.  (There i s  presentlK one such 
microphotometer a t  the  Shternberg S t a t e  Astronomical I n s t i t u t e . )  O r  another 
example: Taking i n t o  account t h e  appreciable environmental temperature r ise i n  
the  hot-spring region of  t he  Pamirs,  we reduced the  exposure by a f a c t o r  of 3 i n  
photographing the  p lan t  spectra;  nevertheless,  some of t h e  spec t ra  proved t o  be 
overexposed, with a high densi ty ,  which could not be measured on low-sensitive 
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m i  crophotometers. 
L. Results of Inves t iga t ions  

Before analyzing the  r e s u l t s  of t he  inves t iga t ion ,  we will give a b r i e f  
h i s t o r i c a l  review over the  development and formation of t h e  vegetation of  
Eastern Pa-vir encountered by us. 

Despite t h e  excessively aus te re  climate and severe growing conditions, t he  
f l o r a  of  Pamir includes about 600 species of  higher p l an t s  of  considerable d i 
ve r s i ty  as t o  o r ig in  ( o �  these, about 50 species  have penetrated t o  the bowda
r i e s  o f  t he  snow l i n e  a t  500C m above sea l eve l ) .  

O f  the  f l o r a  of Eastern Pamir, about 62% of  t h e  species  a r e  the  saxe as 
those o f  Pamir-Alay, 38%as those of  an te r io r  Asia; 32% a r e  iden t i ca l  t o  species 
of the lowlands of Central  Asia and 25% t o  those of Tibet. Endemic p lan ts ,  
i .e.,  p l an t s  encountered exclusively i n  a given region, account for only 7$, 
which ind ica t e s  t h a t  Pamir must be c l a s s i f i ed  as a f l o r i s t i c a l l y  yowg r.ountain 
region (Vasilevskaya, 19LO). 

The vegetation 01 Pamir underwent considerable a l t e r a t i o n s  dLning the  
Quaternary, under the  e f f e c t  of  t h e  extensive g l ac i a t ion  t h a t  occurred here. 
However, the  g l ac i e r s  mainly encompassed the  extreme North and South of Pamir 
and f r e e  areas were l e f t  i n  i t s  cent ra l  p a r t s  on which vegetatior! s imi la r  t o  
contemporary vegetation exis ted (Tolmachev, 19LL), which serves as an ind i r ec t  
indicat ion of t he  grea t  an t iqu i ty  of a port ion of t h e  presefit-day f l o r a  or" Pamir 
and permits us  t o  consider it as a r e l i c t ,  a t  l e a s t ,  of t h e  g l a c i a l  epoch. 

The r e t r e a t  of t h e  g l a c i a l  masses was accompanied by an ir,crease i n  dryness 
and by general cooling during t h e  continued u p l i f t i n g  of t h e  mountains, which 
promoted the  formation of deser t s .  Such changes, accompanied by spreading o f  
deser t s  as the  r e s u l t  of contraction o f  t he  meadows and steppes, i s  even now 
continuing. 

The cent ra l  regions of &stern Pamir, comprising the  subalpine zone, are 
characterized by wide r i v e r  va l leys  and lake bas ins  s i t ua t ed  on the  average a t  
an a l t i t u d e  of about 3500 - 4000 m above sea level. The individual  systems 
of r i v e r  va l leys  are separated by mountain ranges r i s i n g  1100 - 15CO m above 
the  va l l ey  floor.  

The extreme dryness of  t h e  climate o f  t h i s  region i s  responsible f o r  t h e  
prevalence of dese r t  and s e m i d e s e r t  p lan t  formations, with predominance of 
xerophytic subshrubs, tomentose win ter fa t  (Eurotia l a n a t a )  and Skornyakovrs 
mugwort (Artemisia skorniakowii); t h e  steppe type of vegetation occupies t h e  
piedmont benchlands o r  gent le  s lopes with fine-grained so i l s .  The cushion 
p l an t s  usual ly  p re fe r  stony soils. The meadows a r e  s i tua ted  along r i v e r  beds, 
lake shores, and where ground waters outcrop. The most cha rac t e r i s t i c  fea ture  
o f  the  vegetation cover of t h e  cent ra l  regions of  Eastern Pamir i n  t h e  subalpine 
zone i s  i t s  extensive d iscont inui ty  on t h e  surface and almost complete in t e r 
locking of root  systems i n  t h e  so i l .  
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The upper boundary of t he  vegetation a reas  of t h e  subalpine and alpine 
zones and the  snow l i n e  i s  located here appreciably higher than i n  o the r  mountain 
systems, including t h e  Tibet ian Highland. 

::p 

Fig.6 F i r s t  Group: Spectra of t h e  xain (Predominating) 
Plant  Species o f  t h e  Cold High-Nountain Semi-Desert of 

t h e  Subalpine Zone of Eastern Pamir 
(The spectra  were obtained by A.P.Kutyreva a t  an a l t i t u d e  
o f  3860 m above sea l e v e l  i n  the  region of t h e  Chechekty 
landmark a t  the  beg i r i i ng  of August 1951.) 1 - Winterfat 
(Ehrotia ceratoides  C.A.Mey). Average of four  repl ica
t ions.  2 - Skornyakovfs mugwort (Artemisia Skorniakowii 
C. Winkl). Average of  th ree  repl icat ions.  3 - Summer 
sagebrush 	(Artemisia macrocephala Jacq. ). Average of t h ree  

r ep l i ca t ions  

The increasing inclemency of t he  cl imat ic  conditions,  as t h e  g l a c i e r s  
melted, l ed  t o  appreciable changes of t he  v iab le  forms. The l o c a l  species  o f  
vegetation of  the subalpine zone are now represented pr imari ly  by low subshrubs, 
soil-hugging p lan t  cushions, and clumps of  perennial  grasses. They comprise
75; of t h e  e n t i r e  p lan t  composition of t h e  Pamirs. Aside from t h e  xerophylic 
subshrubs, herbaceous perennials  a r e  most numerous, The l a t t e r  are divided i n t o  
two groups: helicryptophcytes and cryptoph-ytes. The f i r s t  group includes 
feathergrasses ,  sedges, cobresia c inquefoi l  (Poten t i la  mult i f ida,  P. pamiro
a l a i ca ,  e t c . )  and t h e  second group (cryptophytes) includes i r i s e s ,  onions, 
meadow grass ,  some species  of c inquefoi l ,  f o r  example, Poten t i la  moor-koftii 
‘dill. ,  milk vetch (Astragalus chajanensis Franch. ), and others.  Annuals such 
as the  annual brome grasses  Bromus Dantonial Frin. ,  Bromus tectorum L., e tc .  
are l e a s t  widespread. They, l i k e  t h e  horse so r re l ,  entered t h e  f l o r a  of Pamir 
from without. Each of t h e  named dese r t  forms has i t s  own b io log ica l  and morpho
log ica l  cha rac t e r i s t i c s  which permit them t o  be dis t inguished not only by t h e i r  
outward shape, bu t  a l so  by t h e i r  development. 

The grea t  d i v e r s i t y  of t h e  o r i g i n  of var ious representa t ives  of t h e  f l o r a  
of Eastern Pamir a l s o  leaves  i t s  impression on t h e  spec t r a l  cha rac t e r i s t i d s  of  
t h e  o p t i c a l  p roper t ies  of  these  Tlants. These d i f fe rences  are e spec ia l ly  grea t  
near the  yellow-green maximum and t h e  near-infrared region (see F’igs.6, 7, 8) .  

An even g rea t e r  e f f e c t  i s  exerted by t h e  durat ion of t h e  sprouting of var i 
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ous species under given conditions and thus by t h e  extent  of genet ic  assimila
t i o n  of t h e  proper t ies  acquired under t h e  extremely harsh environmental condi
t ions.  
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Fig.? Change i n  t h e  Optical  Propert ies  of f i r o t i a  
Ceratoides Relative t o  its Habitat and 

Weather Conditions 
1- Semi-desert steppe f o o t h i l l s  of Zailiyslciy Alatau i n  the  
v i c i n i t y  of Chemolgan, a l t i t u d e  840 m above sea l e v e l ,  June 2, 
1948 (based on K.I.KozlovaTs da ta ) ;  2 - Central  Asia deser t  

(v i c in i ty  of Kokanda, a l t i t u d e  300 m above sea l e v e l ,  October 19, 
1950, da t a  by K.I.Kozlova); 3 - Alpine dese r t  of Eastern Pamir 
( v i c i n i t y  of t he  Pamir Biological S ta t ion  a t  the  Chechekty land-
nark, stony sa l ine  soils). The first r ep l i ca t ion  (I n )  w a s  
photographed a t  l5:OO l o c a l  t i m e ,  temperature among the  p l an t s  
+2k0C, calm; second r ep l i ca t ion  ( I 1  n )  photographed LO minutes 
l a t e r  during gusts of f r e s h  wind up t o  2 - 3 m/sec and temperature 

drop t o  22,L°C, average of four  r ep l i ca t ions  (da ta  by A.P.Kutyreva) 

I n  Table '8  we attempted t o  show these  differences,  based. on the  character
i s t i c s  of f i v e  markedly d i f f e r ing  p lan t  species  of t h e  subalpine zone of Eastern 
Pamir, f o r  which we had more o r  l e s s  d e f i n i t e  information as t o  t h e  time of 
t h e i r  existence (whereas the  d i f fe rences  o f  spec i f i c  p l an t s  a r e  given i n  Figs.6,

/s3 
7, 8, and 10). 

A s  indicated i n  Table 8, t h e  pos i t ion  of 'the yellow-green "mf o r  t h e  
species  under consideration s h i f t s  within 50 m$ ( f luc tua t ions  of t h e  pos i t ion  
of Kx,, from 525 t o  575 mp),whereas its height o r  l e v e l  of rad ia t ion  changes 
almost by a f ac to r  of 1 0  (from 32 t o  3.2%); f o r  t h e  most p a r t ,  t h e  maximum occu
pied t h e  lower pos i t ion  f o r  p l an t s  with a longer period of habi ta t ion  under 
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given conditions. The maximum disappears almost completely under the  conditions 
of t h e  a lp ine  zone and snow l i n e ,  as i s  apparent from Figs.12.and 13. 

TABLE 8 

SPECTRAL CHARACTEFUSTICS OF THE OPTICAL PROPEBTIES OF 
VARIOUS PLANT SPZCIES OF TEE SUBALPINE ZONE OF EASTERN 

PAPiIR (CHECHEKTY, ALTITUDE 3860 m ABOVE SEA LEVEL) 

P l a n t  S p e c i e s  

- . . ~ - ~ _ _ _ _  

Horse a o r r e l  (Rumex c o n f e r t u s  W i l l d .  
Couch grass (Agropyrum terenum) 
S o l e n a n t h u s  s t y l o s u s  1.ipsky ( S o l e n a n t h u s )  
Milk r e t c h  ( A s t r a 6 a l u s  Chajanenais )  
Y e l l o r  sweet  c l o v e r  (Me1 i l o t u s  

o f f i c i n a l i a  D e a r . )  

' 

1 Ye1 1 or-Green Ref1 e c t i o n  IMaximum 

1 

515 31.6% 
5% 17.6% 
570 17.'1 
574 8.9 

' 570 3.2 

660 33.5% 740 80.0 F i r s t  y e a r  
714 20.8 780 7.3.2 T h i r d  y e a r  
703 9.8 755- 772 79.0 More  than 10 y e a r s  
714 10.2 805 66.7 Many c e n t u r i e s  

714 3.02 770-780 I 30.2-28.8 More than 15 y e a r s  

Note: The s t a r t  of  the  infrared e f f e c t  a t  sea l e v e l  (Batumi) f o r  
the  horse s o r r e l  i s  a t  660.0 mp, whereas i n  t h e  humid alpine regions 
of  Tien Shan it s h i f t s  t o  690 m p  and s t ays  a t  t h i s  value almost up 
t o  t h e  snow l i n e  ( a l t i t u d e  3100 m above sea l e v e l )  a t  a general 
drop i n  i n t e n s i t y  by 7 - 8% i n  r e f l ec t ed  l i g h t  and 1 5  - 20% in l i g h t  
transmitted through t h e  l e a f  [data  from pr in ted  publ icat ions of t he  
Sector  (Bibl.75)]. 

The start  of increase i n  the  r e f l e c t i o n  of long-wave red rays s h i f t s  from 
640 m p  t o  7 1 ~mv f o r  some p lan t  species, and t h e  g rea t e s t  r i s e  (maxi")of re
f l e c t i o n  s h i f t s  from 7LO t o  805 mp. The inf ra red  " u m  v a r i e s  from 80 t o  20%, 
occupying the  lowest pos i t ion  f o r  t h e  most ancient  representat ives  of t he  f l o r a  
(see Fig.6 and Table 8 ) ;  t h e  rad ia t ion  maxi" f o r  these  species  shifts t o  the  
longer-wave region of t h e  spectrum (beyond 800 mp). 

With mountain e leva t ion  or ,  more exact ly ,  with an increase of t he  height of 
habi ta t ion above sea l e v e l  of a l l  t he  invest igated p l an t  species,  there  i s  a 
general  tendency toward an increase of t h e  absorption of  rad ian t  enerm and & 
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i5s g rea t e r  u t i l i z a t i o n  by the  p l an t  owiEg t o  a decrease of  the  wasteful l o s s e s  
t o  re f lec t ion ,  transmission, and radiation. Accofiing t.0 the  da t a  by 0.l: .Leler,
s k i y  (Eib1.17, 16, 21), t he  eff ic iency of  photospi thesis  of hlpine P a n i r  p l a n t s  
i s  many times g rea t e r  than t h a t  of val ley p lan ts .  
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Fig.l! Uptical Propert ies  of  P l a n t s  of t he  Subalpine Zone 
o f  &stern Pamir (according t o  Data by A.P.Kut;rreva) 

1 - Spectmfi of l i g h t ,  r e f l ec t ion  loss of solenanthus p lan t  
(3oZenanthus s ty losus  Lipsky). Color of leaves pa le ,  d d l ,  
bluish-green. 2 - Spectrum of sunl ight ,  previously transparent 
lea: ol" solerxmthus. 3 - Spectrum of  l i q h t ,  reflec-tion oi"dark 
purplisii-green leaves of '  gellow sweet clover ( I Ie l i lotus  

oZf i c ina l i s  Desz) 

The g rea t e s t  changes w e r e  noted i n  the  region of  t he  yellow-green maxi^.^:! 
oi" t h e  main absorption band o r  chlorophyll; these  were especial ly  abmpt  near 
t he  inf ra red  &mum o� t he  ref lect ior i  ar,d transmission of  l i g h t  b;r t he  l e a f  
i i i  the  corresponding port ion of  the  spectrum. 

Similar changes i n  t h e  spec t r a l  c h a r a c t e r i s t i c s  o f  t h e  optccal propert ies  
of  p l m t s  were noted by covorkers and postgraduates of t he  Sector, i n  investi
gatipg the  charge i n  t h e  o p t i c a l  propert ies  of conmon species o f  p l an t s  as they  
advanced f ron  South t o  Korth (meridional p r o f l l e s  f o r  the  eastern,  cen t ra l ,  and 
wester,i zories of  t he  USS2 from t h e  coastl ir ,e of t h e  Arctic Qceai t o  the  m s t  
so-d tkern  Foixts ir. t he  t e r r i t o r y  o f  t he  USSR (Eib1.30, 52, t .9 ) .  

A s  one of the  most s t r i k i n g  examples 0:' this tcype OF change, Table 9 arid 
Figs.9 arid 1C;give the da ta  by Sh.P.Darchi;.Ta ba.sed on t h e  results ot"%mestjigat
ing  t'r,e spectr2.l br ightness  of one o?"t he  species of horse s o r r e l  (Xume;; corl
1"ertES ;dillCl. ) a t  dtanetr: cal ly  opposed c l i rmt i c  zones, namely, OT! the  shores 
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of the  Black Sea i n  t h e  humid subtropics of t h e  Caucasian l i t t o r a l ,  and under /85 
conditions of t h e  extremely dry mountain d e s e r t  of t h e  subalpine zone of Eastern 
Pamir ( t rue ,  t h e  r e s u l t s  are somewhat modified by t h e  regular waterings of t h e  
experimental p l o t s  a t  t h e  Pamir Biological S ta t ion) .  When analyzing t h e  da ta  of 
Table 9 one must allow f o r  t h e  f a c t  that, i n  t h e  region of Chechekty, horse 
s o r r e l  p l an t s  were invest igated t h a t  had been brought i n  with the  seeds of crop 

TABLE 9 

RELATIONSHIP OF THE COEFFICIENTS OF SPECTRAL BRIGHTNESS 
OF TFS HORSE SORREL LEAF GROWING I N  DImFUCALLY OPPO

SITE CLIMATIC REGIONS, BASED ON DATA BY SH.P.DARCHIYA 
(BIBL .14)

(Expressed i n  Relat ive Units o r  Percent of Incident 
Flux a t  Each Wavelength. ) 

Coe f f i c i en t s o f S,e c t r a1 Br i gh tne s8, % I 
Extremely Dry High-

Wave1 eng t h ,  Humid Subtropics h l o u n t a i n  ~~~~~t o f  1 D i f f e r e n c e s  i n  
4 1 m p  o f  Batumi, 

E l e v a t i o n  = 0 . 0  m 
Eastern Pamir, Changes Upward 

Chechekty ,I A l t i t u d e  r 3R60 

I
300-390 0 , 5  I 13.2 + 12.7 
39 1-400 5.0 8 , 2  + 3 , 2  
401 -422 10,3 11.4 + 1 , 1
423-455 13,l  12,42 - 0,68 
456-490 14.1 12.45 - 1.65 
495 515 17.0 I 27,O + 10.0 
5 16- 595 Dead $ o t  o f  Photographic  PI a t e  
596-655 12.9 17.4 4- 4.5 
656-670 20.2 3 5 , s  + 15,3 
671-675 76.4 53.5 - 22.0 
676-690 81,5 51,6 - 30.0 
691-706 141 ,O 37.2 -103.86 
707-716 153,8 57.8 - 96.0 
7 17-732 162.0 69;o - 93,o 
733 -773 187.2 j 74,3 -112.9 
775-785 164,O 73.75 - 90.25 
790 -8(15 118,8% I 74: 1 % - 44,7 

p lan t s  and had been growing i n  t h i s  area f o r  no t  more than 1- 2 years,  so t h a t  
they st i l l  retained most proper t ies  inherent t o  t h i s  species  under va l l ey  
conditions. The numerical da t a  i n  the  Table are broken down by por t ions  of t h e

/s6 
spectrum which showed t h e  'common fea tures  of t h e  reac t ion  of t h e  o p t i c a l  plant  
proper t ies  t o  changes i n  environment. These d a t a  c l e a r l y  show t h a t ,  with an 
increase i n  a l t i t u d e  of hab i t a t  (almost by 4000 m )  and a t  t h e  marked decrease /s7
i n  humidity and temperature of t h e  environment, t h e  p l an t  exh ib i t s  t h e  g rea t e s t  
reduction i n  l o s s e s  i n  t h e  long-wave red (beyond 670 mw) and near-infrared 
region, whereas near t h e  rad ia t ion  m a x i "  and near  t h e  s teepes t  t r ans i t i ons ,  
t he  decrease i n  rad ia t ion  and the  increase i n  absorption of  rad ian t  energy may 
reach 60 - 7($ and more, 

Considerable i n t e r e s t  i s  offered by comparison of the  va r i a t ion  i n  t h e  
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Fig.9 Optical Propert ies  of the Second Group of  Plants  of 
the Subalpine Zone of Eastern Pamir: Cultivated (Fodder 

Grasses) and Semi-cultivated (Weed P l a n t s  Imported in to  
t h e  Pamirs Accidentally wi th  Seeds of Cultivated P lan ts )  
during the  First Years of  Reproduction i n  Eastern Pamir 

1- Horse s o r r e l  ( R m e x  confertus Willd. ) a t  Batumi, elevation 0.0 m 
above sea l e v e l  (data by Sh.P.Darchiya). 2 - Same, i n  the area of 
the Chechekty landmark: Eastern Pamir, elevation 3860 m above sea 
l e v e l  a t  the  experimental p l o t s  of the Pamir Biological Stat ion,  
Academy of Sciences Tadzhik SSR (data by Sh.P.Darchiya). 3 - Couch 
grass  (Agropyrum tenerum Varey), t h i rd  year of  development there  (data 
by A.P.Kutyreva). 4 - Awnless brome grass (Bromus inermis Leyss), 

second year of development there  (data by A.P.Kutyreva) 
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o p t i c a l  p l an t  propert ies  with a l t i t u d e ,  under conditions of  both d r y  and humid 
high-mountain regions. The  da t a  published i n  the  a r t i c l e  by V.P.Hedenko, S.A. 
Stanko, and M.S.Nebogatikova (Bib1.75), together with t h e  res i i l t s  o f  our  own 
inves t iga t ions ,  ind ica te  t h a t ,  a t  uniformity of  t h e  general trend toward an in
crease i n  l i g h t  absorption with a l t i t u d e  under the  humid high-mountain c0nditior.s 

Fig.10 P lan t s  of t he  Second Group, bu t  a f t e r  a Long 
Period of Habitation i n  the  Lower Part of the  

Subalpine Zone of Eastern Pamir 
Photographed a t  t h e  co l l ec t ive  farm f i e l d  i n  t h e  lower reaches 
of t he  Sasyk-Bulak gorge, i r r i g a t e d  by hot-spring waters; a l t i 
tude 3660 m above sea l e v e l ,  southeastern shore o f  Lake Y a s k l i l T - K u l t .  
[The data by Sh.P.Darchiya (Bib1,lL) were obtained with t h e  same 
comparison standard on Soviet photographic p l a t e s  s ens i t i ve  t o  
inf ra red  rays.] 1 and l a  - Horse s o r r e l  (Rumex confertus Willd. ) 
i n  areas with diametr ical ly  opposite climate (Chechekty-Hatumi) 
a t  an a l t i t u d e  difference of  about LOO0 m. 2 - Western Pamir common 
naked bar ley a t  t h e  grain-ripening s tage  (e leva t ion  3660 m above 
sea l eve l .  Col lect ive farm crops on t h e  southeastern shore of 
Lake Yashilf-Kulf, Eastern Pamir). 3 - Red goosefoot (Chenopodium 

l a t i fo l ium rubra) ,  same place. 

of  Korthern Tien Shan, t he  re f lec ted  flux decreases more abrupt ly  and the  
amount of rad ia t ion  transmitted by the  l e a f  more slowly. Under t h e  extremely 
dry high-mountain conditions of  Pamir, where t h e  boundaries of t h e  vegetation 
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zones extend much farther upward and where a much sharper d i f fe rence  e x i s t s  i n  
the  cl imat ic  conditions as w e l l  as in t h e  spec t r a l  energy d i s t r ibu t ion ,  t he  
op t i ca l  p roper t ies  of t he  p l an t s  change such t h a t  t he  transmission by t h e  leaf 
i s  much less a t  lower amounts of re f lec ted  l i g h t  flux. This agrees  w e l l  with 
the modification of t h e  anatcmic s t ruc ture  of Pamir p l an t s  with a l t i t u d e ,  con
s i s t i n g  of a reduction of i n t e r c e l l u l a r  i n t e r s t i c e s  and g rea t e r  pa rv ice l lu los i ty  
of t h e  t i s s u e s  (V.K.Vasilevskaya, 1940). The da ta  by V.K.Vasilevskaya were 
confirmed i n  OUT tests on t h e  anatomic s t ructure .  i n  t h e  invest igated p lan ts ,  
which were analyzed f o r  t h e  Sector  by Candidate of Biological, Sciences L.I. 
Lipayeva, senior s c i e n t i s t  a t  t h e  I n s t i t u t e  of Desert Assimilation of t h e  
Academy'of Sciences, Kazakh SSR, on whose demand samples of p l an t s  of the  a lp ine  
and subalpine zones of Eastern Pamir were  col lected and processed f o r  an an- fi 
atomic analysis.  Numerous b io logica l  analyses of t h e  vegetation of t h e  humid 
a lp ine  zones of Northern Tien Shan show t h a t ,  although under these conditions 
there  i s  a ce r t a in  in t ens i f i ca t ion  of the  xeromorphic character  of p l an t s  with 
a l t i t u d e ,  qu i t e  a f e w  mesophytes are found and appreciably l a r g e r  cells a re  ob
served i n  the  p l an t  t i s s u e s  in comparison with t h e  Pamir p lan ts ;  s imilar ly ,  
t h e i r  less compact "packing" with p r a c t i c a l l y  unchanged i n t e r c e l l u l a r  spaces i s  
retained. 

TABLE 10 

DIFFERENCE OF ABSORPTION OF RADIANT ENERGY BY HORSE SORFGL 
LEAVES (RUMEX CONFERTUS WILLD .) AND SOLENANTHUS 

(SOLENANTHUS STYLOSUS LIF'SKY) I N  THE SUBALPINE 
ZONE OF DRY AND HUMID ALPINE REGIONS 

_- - -_ -__ --.- .- __
1 Absorption o f  Radiant Energy, pi 

Wavelength, 
Humid H i g h l m d a ,  
A l t i t u d e  1100 m 

300-416 99.3 

420 -450 97 0 ss;o - 1;o 

455- 550 94-3  92.1 - 2,2 
555 -595 87,9 87.6 - 0,3 
596 - 614 88,4 91 .ti 4- 3 ,2  
61 5-680 92,5 9 3 - 5  + 1.0 
680- 692 89, .7 94,O 

693-703 53,O 91 .o $3::; 

703-714 42.0 85.5 +43.5 
715-725 36.0 76,6 +40.6 
726-738 40.0 50.9 + 10-9 
738-751 40,5 24.8 -16,7 

752 41 .O 15,O -26.0 
755- 765 41 ,O 7,4 -33,6 

-765 - 772 8 .4  
773 -780 - 19.3 
780-788 - 28.4 
788-805 - 25,2 
805- 815 - 16,6 

A s  a typ ica l  example, Table 10 shows t h e  spec t r a l  cha rac t e r i s t i c s  of l i g h t  
absorption by broad-leafed representat ives  of t h e  weed vegetation of t h e  sub
alpine zone of the  humid and d ry  highlands: horse s o r r e l  (Rumex confertus 
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Willd.) and solenanthus (Solenanthus s tylosus Lipsky). The da ta  in t h e  Table 
are divided by spectrum regions, i n  whose port ions t h e  average ind ices  show a 
more o r  l e s s  good constancy. The differences i n  t h e  four th  column of t h e  Table 
show a s l i g h t  increase  i n  r e f l ec t ion  i n  the  u l t r a v i o l e t  spectrum region and t h e  
short-wave por t ion  of t h e  v i s i b l e  region, owing t o  a s ign i f i can t  increase i n  the  
i n t e n s i t y  of t h e  rad ian t  f l u x  inc ident  on t h e  p l an t s  i n  t h i s  region and a l so  as 
t h e  result of t h e  expansion of t h e  u l t r a v i o l e t  end of t h e  spectrum, owing t o  t he  
shorter-wave rays with high energy. On a reduction i n  s ize  of t h e  t ransparent  
sky over t he  subalpine zone of t h e  humid highlands, this p a r t  of t h e  spectrum 
i s  e i t h e r  cut o f f  e n t i r e l y  o r ,  i n  t h e  rare cases of an amelioration i n  t h e  
t ransparent  sky cover, i s  appreciably weakened, 

The four th  column of Table 10 d i s t i n c t l y  shows t h a t  t h e  broadening of t he  
main absorption band f o r  p l an t s  of t h e  subalpine zone of Eastern Pamir i s  less 
d i s t i n c t  toward t h e  yellow por t ion  (up t o  595 mp)and more d i s t i n c t  toward the  
long-wave red portion, with an average absorption increase up t o  38 - 4,!$ i n  
t h e  spectrum region from 690 t o  725 mp and w i t h  a corresponding s h i f t  of t he  
inc ip i en t  r i s e  and maximum of inf ra red  e f f e c t  toward t h e  longer-wave region. /sq 

Fig.11 Total  Losses of Radiant Energy by P l a n t s  of the  
Subalpine Zone of t h e  Dry (Eastern Pamir) and Humid 
Highlands (Northern Slopes of t h e  Zai l iyskiy Alatau 

Mountains, Northern Tien Shan) 
1 - Solenanthus (Solenanthus s ty losus  Lipsky), data  by A.P. 
Kutyreva obtained on August 2L, 1951 i n  Eastern Pamir i n  t h e  
area of t he  Chechekty landmark, a l t i t u d e  3860 m above sea leve l .  
2 - Horpe s o r r e l  (Rumex confertus Willd.) da t a  f o r  t h e  subalpine 
zone of the  humid highlands (northern slope of  Zai l iyskiy AEatau 
mountains, in t h e  v i c i n i t y  of Alma-Ata ,  Chimbulak landmark, 
height 2980 m above sea l e v e l )  taken from t h e  a r t i c l e  by S.A.Stanko, 

V.P.Bedenko, and M.S.Nebogatikova (Bib1.75) 

Here, t h e  decrease of l o s s e s  i n  t h e  690 - 725 m p  por t ion  i s  compensated by t h e  
increase i n  t h e  longer-wave region of 740 - 820 mp. The t o t a l  value of t he  
rad ia t ion  balance f o r  t h e  e n t i r e  solar-energy spectrum (300 - 900 mp) f o r  each 
p l an t  species, by a l t i t u d e  b e l t  o r  by individual  na tu ra l  zones, i s  q u i t e  close 
o r  almost t h e  same f o r  t h e  humid and f o r  t h e  d ry  a lp ine  regions. Here, depend
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i ng  on the  environmental conditions and the  cha rac t e r i s t i c s  of t h e  spec t ra l  
energy d i s t r i b u t i o n  i n  t h e  flux of  radiant  energy incident  on t h e  p lan ts ,  which 
i n  turn  i s  associated with the  cha rac t e r i s t i c s  of t h e  o p t i c a l  p roper t ies  of t h e  
atmosphere i n  a given na tura l  zone, t h e  region of t h e  s o l a r  spectrum ac t ive ly  
u t i l i z e d  by p l an t s  somewhat c o n s t r i c t s  o r  expands, under s t r i c t  obeyafice of  the  
general physisal  l a w  of t h e  conservation of energy. This i s  especial ly  pro
nounced on the  curve of t o t a l  l o s s e s  f o r  t h e  spectrum region from 300 t o  e2C m p ,  
compiled on suggestion by G.A.Tikhov [see his a r t i c l e  in t h i s  volume (Bib1.86)I 
f o r  these very same p l a n t s  i n  t h e  subalpine zone of t h e  dry  and humid highlands 
(see Fig.11). The diagram gives  one curve f o r  t h e  rad ian t  energy loss by a 
p lan t  t o  r e f l ec t ion ,  transmission, and rad ia t ion ;  thissmoothesout  t h e  appreci
able  d i f fe rences  i n  the  change of  t h e  magnitude of t h e  op t i ca l  p roper t ies  of 
p l an t s  (i.e. , of r e f l ec t ion ,  transmission, and r ad ia t ion  separately)  i n  the  humid 
and dry a lp ine  regions, which hamper a general ana lys i s ;  i n  addi t ion,  the  bas ic  
l a w s  of t h e  s ign i f i can t  broadening of t he  main absorption band of chlorophyll 
and the  s h i f t  of t h e  inf ra red  maximum of se l f - rad ia t ion  of p l an t s  toward the  
longer-wave region of t he  spectrum are much b e t t e r  defined. This i s  espec ia l ly  
pronounced a t  the  g rea t  a l t i t u d e s  of t he  subalpine zone i n  the  dry  highlands of 
Eastern Pamir (3860 m instead of 2980 m above sea l e v e l ) ,  These r e g u l a r i t i e s  
were already pointed out  by A.N.Danilov ( B i b 1 . 1 1 ,  12)  who made laboratory experi
ments on t h e  e f f e c t  of combinations of rays  of d i f f e r e n t  spectrum port ions on 
t h e  photosynthesis of algae. A s  e a r ly  as i n  the  Th i r t i e s ,  he s t a t ed ,  based on 
h i s  experiments, t h a t  a combination of t he  rad ian t  energy f l u x  incident  on 
p l an t s  with the  somewhat shorter-wave u l t r a v i o l e t  rays  (carrying quanta of 
higher energy than under the  usual  conditions of t h e  temperate zone) w i l l  (90
r e s u l t  i n  a s h i f t  of t h e  photosynthetic a c t i v i t y  of a lgae toward t h e  longer-
wave red and near-infrared regions. Unfortunately, t h e  statements of this 
author were re jec ted  by most of t h e  conservative b io logis t s .  

Even now, s c i e n t i s t s  i n  some of t h e  s c i e n t i f i c  i n s t i t u t e s  of t h e  Union and 
Kazakh Academy and even in various departments of t h e  I n s t i t u t e  of P lan t  Physio
logy, bel ieve i n  t h e  presence of a fixed physiological spectrum region bounded 
by the  v i s i b l e  rays,  with complete indifference f o r  t he  v i t a l  processes of p l an t s  
i n  regions ly ing  outs ide these  boundaries, The prevalence of such views severe
l y  inhibi ted,  and continues t o  i n h i b i t ,  any study of t h e  main r e g u l a r i t i e s  of 
l i g h t  u t i l i z a t i o n  by p l an t s  and t h e i r  r e l a t i o n  with environmental conditions. 
This does grea t  harm i n  t h e  inves t iga t ion  of t h e  development of l i f e  on other  
planets ,  where the  spec t r a l  cha rac t e r i s t i c s  of t h e  surface and t h e i r  v a r i a b i l i t y  
with changes i n  t h e  environmental conditions and o p t i c a l  p roper t ies  of t h e  
planetary atmosphere are t h e  only means of studying vi ta l  l aws .  

Calculat'ions of t h e  t o t a l  absorption of l i g h t  by t h e  same two p lan t s  of 
the  subalpine zone of t he  dry  and humid highlands, f o r  t h e  spec t r a l  region f r o m  
390 t o  760 mw and from 300 t o  820 mp and f o r  a narrower region, c l ea r ly  show how 
much t h i s  can d i s t o r t  t h e  concept of  t h e  bas i c  r e g u l a r i t i e s  of t h e  mutual rela
t i o n  between the  changes of  o p t i c a l  p roper t ies  of p l an t s  and a change of t he  
environmental conditions when studying these proper t ies  by t h e  so-called dis
continuous spectrum (see Fig.11 and Table 11y. 

Tables of t h e  coef f ic ien ts  of spec t r a l  br ightness  of these p l a n t s  every 10  m p  
are given i n  t h e  a r t i c l e  by G.A.Tikhov a t  t h e  beginning of t h i s  volume 
(Bib1.86); therefore ,  we w i l l  n o t  repeat  them here, 
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TABLE 11 

AEjSOWTION OF M I A N T  E3JERGY BY LEAF OF SOLEUANTHUS 
STYLOSUS LIPSKY I N  THE REGION OF CHECHMTY (EASTERN 

PAEIIR, ALTITUDE 3860 m ABOVE SEA LEVEL) I N  VARIOUS 
PORTIONS OF THE SPECTRUM, AUGUST 21&, 1951 

Absorption i n  Relative 
CommentsCIA, mG Units ($) 

3OGL20 98-5-99 
L2G-550 9 5-9 0 
555-595 89-87 
596-703 91-9L 
7OL-726 Drops from 87 t o  7L 

727-752 Drops from 51  t o  15 
753-7 71 7-9 

772-780 S l igh t  increase from 
1 0  t o  30 

7 8 M 1 5  Drops from 30 t o  15  

300-820 Total  absorption 79.2 

Green r e f l ec t ion  maximum 

S t a r t  of sharp drop i n  
absorption and increase 
i n  self-emission 

F i r s t  g rea tes t  maximum 
of self-emission and abso
l u t e  minimum of  absorption 

Second-smaller maximum 
of self -emi ssion 
Total  l o s ses  i n  t h i s  
por t ion  20.8% 

Actually, i f  we are guided by the  recent s t r i c t  rule t h a t  a comparison of 
t he  op t i ca l  p roper t ies  of-plant  species  or of t h e  main species by d i f f e r e n t  
na tura l  zones i s  possible  only i n  rigorously defined i d e n t i c a l  port ions of t he  
spectrum or a t  the  same wavelength, we will inevi tab ly  become q u i t e  confused 
( a s  they say, "among three  pine t rees")  and w i l l  be  q u i t e  far from recognizing 
the  t r u e  na tura l  r egu la r i t i e s .  

Let u s  analyze a numerical example which graphical ly  confirms t h i s ,  b a s e d m  
ori Fig.11 and t h e  da ta  of Tables 8 and 9 (from t h e  a r t i c l e  of G.A.Tikhov a t  the  
beginning of t h e  volume) (Bib1.86). The t o t a l  sum of losses for solenanthus 

n- 1 
(Eastern P a m i r )  i n  t h e  390 - 760 mw region i s  T = 5.2367; i n  r e l a t i v e  u n i t s  

1 


($) w i t h  respect  t o  the  e n t i r e  f l u x  of rad ian t  energy s t r i k i n g  t h e  p lan t  a t  a 
given port ion of t h e  spectrum (which i s  taken as loo%), t h i s  i s  expressed as 
14% (1/38 S = 0.1LO14); consequently, t h e  p lan t  absorbs 86% ( A  = 0.8596). 

For t h e  horse so r re l ,  i n  t he  same port ion of t h e  spectrum, tht. t o t a l  l o s ses  
n- 1 

of rad ian t  energy i n  the  subalpine zone of t h e  humid highlands are T = 6.278;
1 


i n  percent of t he  t o t a l  f lux of rad ian t  energy incident  on t h e  p l an t  i n  t h i s  

105 



-- 

port ion of t h e  spectrum, t h i s  amounts t o  16.5% (1/38 S = 0.165); t h e  absorption 
w i l l  be 83.5%. On the  b a s i s  of these  calculat ions,  one could assume t h a t ,  
under the  conditions of  t h e  subalpine zone of Eastern Pamir, t h e  absorption of 
radiant  energy increases  within the  limits of about 2.5% which can be ascribed 
to  t h e  cha rac t e r i s t i c s  of t h e  na tu ra l  conditions. However, t h i s  i s  f a r  from 
being the  case. If t h e  boundaries of t h e  invest igated spectrum region are 
s l i g h t l y  expanded,then t h e  t o t a l  value of t h e  rad ia t ion  balance f o r  t he  e n t i r e  
spectrum of t h e  por t ion  of  t h e  s o l a r  energy ac t ive ly  used by p lan t  species of 
the subalpine zone, both of the  dry  and of t h e  humid highlands, completely coin
cides;  t h e  curve shows c l e a r l y  t h a t ,  under the  e f f e c t  of t h e  d i f f e r e n t  environ
mental conditions, only t h e  spec t r a l  energy d i s t r i b u t i o n  ( rad ia t ion  re f lec ted  
and transmitted by t h e  l e a f )  will undergo a change while t h e  extent  o f  t he  
l o s s e s  will vary only in conjunction with the shift of t h e  rad ia t ion  maxima and 
minima from some wavelengths t o  others .  These may be adjacent o r  rlore o r  1 C j S  

remote from t h e  o r i g i n a l  posi t ion,  depending on t h e  degree of abruptness of t h e  
change i n  environment and on t h e  energy d i s t r ibu t ion  of t h e  spectrum of the  
rad ian t  energy f lux  s t r i k i n g  t h e  plant.  It is  t r u e  t h a t ,  i n  some port ions of 
t h e  spectrum under t h e  dry highlands conditions, t he  magnitude of the  lo s ses  may 
increase more than on an adjacent port ion of  t h e  spectrum in t he  lower ly ing  
na tura l  zone of this b e l t  of t h e  humid highlands. However, such an increase 
w i l l  be  compensated by the  grea te r  increase i n  absorption a t  another portion of 
the spectrum; thus,  t h e  l a w  of t h e  conservation of  energy within separate natu
ral zones and high-mountain b e l t s  will remain va l id  i n  a l l  cases of va r i a t ion  
i n  o p t i c a l  p roper t ies  under t h e  e f f e c t  of environmental conditions, An analys is  
of  t h e  da t a  shows t h a t  a d e f i n i t e  l e v e l  of v i t a l  energy, associated w i t h  EO less 
d e f i n i t e  quant i ta t ive  ind ices  of u t i l i z a t i o n  of t h e  incoming s o l a r  energy i n  the  
vi ta l  processes of p l an t s ,  corresponds t o  a d e f i n i t e  na tura l  zone. The high 
vegetation b e l t s  belong t o  such zones. A s h i f t  of t h e  boundaries i n  height,  i n  
connection with t h e  g rea t e r  o r  lesser d i f fe rence  of c l imat ic  conditions i n  var i 
ous mountain systems, l eads  only t o  a change i n  t h e  form of adaptation of p l an t s  
t o  these conditions. This is expressed i n  t h e  more o r  less marked f luc tua t ions  
of t h e  value and i n  t h e  s h i f t  of t h e  pos i t ion  of t h e  rad ia t ion  maxima and minima 
i n  t h e  spectrum of individual  elements of t h e  rad ia t ion  balance ( r e f l ec t ion ,  
transmission, self-emission) while keeping fixed the  t o t a l  value f o r  the  bio
l o g i c a l l y  ac t ive  p a r t  of t h e  spectrum. The boundaries of  t h e  spectrum region 
ac t ive ly  used by p lan ts ,  i n  turn,  may vary w i t h  any va r i a t ion  i n  the  envirofi
mental conditions over a wide range, encompassing the  short-wave u l t r a v i o l e t  
and the  near-infrared region. Knowledge of these  l a w s  considerablp f a c i l i t a t e s  
an inves t iga t ion  of o the r  planets ,  s ince t h e  universa l  l a w  of t h e  conservation 
of  energy and the  invest igated regularities of t he  change i n  energy d is t r ibu- ,& 
t i o n  of t h e  l i g h t  f l u x ,  re jec ted  by t h e  p l an t  cover i n  r e l a t i o n  t o  the  physical 
conditions occurring i n  var ious na tu ra l  zones of t h i s  o r  another planet ,  as w e l l  
as t h e  change i n  o p t i c a l  p roper t ies  of  i t s  atmosphere, can be used f o r  predict
ing  the  spec t ra l -opt ica l  cha rac t e r i s t i c s  of t h e  p l an t  cover of such a planet.  Lp2 
On t h i s  basis ,  no s c i e n t i s t  would deny t h e  presence of vegetation on t h e  "seas" 
of Mars, merely from t h e  absence i n  t h e i r  spectra  of  t h e  main absorption band of 
chlorophyll and the  inf ra red  e f f e c t  i n  the  access ib le  region of t h e  spectrum, 
a t  t h e  present state of t h e  a r t  i n  science and measuring technique, This might 
a t  least  reduce the  number of s c i e n t i s t s  who attempt t o  apply t h e  l a w s  of vege
t a t i o n  of t h e  temperate zone of t h e  ea r th  t o  conditions on o ther  planets ,  while 
disregarding the  p e c u l i a r i t i e s  of t h e  physical  conditions in t h e  na tura l  zones 
of such planets.  
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Fig.12 Spec t ra l  Brightness of t he  Basic P lan t  Species of 
t h e  Upper P a r t  of t h e  Alpine Zone and Lower P a r t  of 

t he  Snow Line of  Eastern Pamir, and Character of 
i t s  Change under Different  I l lumination 

Data of photographing p l a n t s  with a quartz spectrograph i n  t h e  
area of t h e  permanent Alpine S ta t ion  of t h e  Pamir  Biological  
S t a t ion  ( a l t i t u d e  4760 - 5000 m above sea l e v e l )  during t h e  
period from August 28 t o  Septenber 2, 1951, calculated by A.P. 
Kutyreva, For comparison, Section I gives t h e  d a t a  by (cont *d) 
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K.I.Kozlova (Bibl.30) f o r  t h e  spec t r a l  b r ightness  of a l a rge  
brownish-green cushion of  s ibbaldia  (Sibbaldia te t randra  Bge. )
in t h e  a lp ine  zone of  Central  Tien Shan, a l t i t u d e  3e20 m above sea 
l e v e l  (3 a )  photographed on August 2L, 19L9 a t  h,5l". 

Section I: (1, a )  and (2, a )  Same, i n  t h e  region o f  Eastern 
Pamir a t  an a l t i t u d e  of 4760 m above sea l e v e l  (temperature l G . p C  
and 6.t'C) with and without sunlight. Time of photographing 16:00, 
August 31 and September 1, 1951. The color  of t he  s ibbaldia  cushion 
was br igh t  reddish-orange owing t o  t h e  numerous b r igh t  color  
b rac t s  (data  by A.P.Kutyreva). 

Section 11: 1 - Spect ra l  br ightness  of Neogaya simplex ( L )  
Neisn with dark-green leaves  having a purpl ish margin and l a r g e  a i r  
ves i c l e s  i n  the  seed pods with dark brownish-lilac s t r ipes .  Photo
graphed i n  full dayl ight  i n  t h e  area of  Zor-Chechekty, a l t i t u d e  
L800 m above sea leve l ,  August 30, 1951. Temperature among t h e  
p l an t s  was  11'C (data  by A.P.Kutyreva); 2 - Same, but  a t  unifo,m 

overcast. 

Section 111: 3 - Alpine poa (Poa litwinowiana Ovcz.) with 
brownish-lilac sp ike le t s  (photographed a t  t h e  same place a t  uniform 
overcast ,  August 30, 1951, 16:15; temperature 12.I?C), da ta  by 
A.P.Kutyreva, L and 5 - Second r ep l i ca t ion  o f  Neogaya simplex ( L )  
Meisn, photographed September I, 1951 in full dayl ight  ( L )  and 
uniform cloud cover a t  the  boundary o f  t he  snow l i n e  (5000 m above 
sea l e v e l )  i n  t h e  area of Zor-Chechekty (5) .  

Section I V :  6 - Spectral  br ightness  of  b lu ish  green pea [Oxy
t r o p i s  immersa (Baker) Bge.] i n  f u l l  dayl ight .  7 - Same, but  a t  
uniform overcast;  e levat ion I&OO - 5000 m above sea l e v e l  i n  the  
area of Zor-Chechekty, August 30, 1951. Temperature 11.8f3C. 

Section V: Spectral  br ightness  of t he  b lu i sh  verdure o f  two 
species of a lp ine  tansy under d i f f e r e n t  l i g h t i n g  conditions and 
d i f f e r e n t  age in the  area of t h e  Alpine S ta t ion  o f  t he  Pamir Eio
l o g i c a l  S t a t ion  a t  the summit of  Zor-Chechekty, a l t i t u d e  1,766 - 5000 m 
above sea level .  8 - A l a r g e  old cushion of tansy (Tanacetum chylor
rhihsum H. Krahs ), photographed at uniform overcast  on August 30, 
1951, t i m e  of  photographing 16 :00; temperature i n  cushion 13. Lo C. 
9 - B l u i s h  verdure of Tanacetum g rac i l a  Hook e t  th. ;  i n  f u l l  day
l igh t - ;  photographed on August 30, 1951 i n  t h e  same area at  a 
cushion temperature of 13.80C; 9a - Same, a t  uniform overcast  and 
a t  t h e  same cushion temperature. 1 0  - Small young bluish s i l v e r  
cushion of t he  same species of tansy photographed under the  same 
weather conditions and cushion temperature o f  9.8' C. 

An ana lys i s  of t he  spec t r a l  da ta  on t h e  vegetation o f  t h e  a lp ine  zone and 
snow l i n e  of Eastern Pamir shows tha t ,  under these  conditions,  as t h e  height 
above sea l e v e l  increases ,  there  i s  a f u r t h e r  decrease i n  t h e  spec t ra l  bright
ness coe f f i c i en t s  i n  a l l  the  invest igated spectrum regions and a t  all wave
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lengths,  as evidenced by t h e  rate of smoothing of t he  p r o f i l e  and the  droop of 
the  spec t r a l  curves. The yellow-green maximum disappears almost completely,
and t h e  main chlorophyll absorption band broadens so much t h a t  it extends over 
almost t h e  e n t i r e  v i s i b l e  spectrum (see Fig.12, 111, 5 and F'ig.13, B, 6). The 
start  of t h e  in f ra red  e f f e c t  f o r  a number o f . p l a n t s  s h i f t s  t o  720 - 760 m p ,  LpLw i t h  i t s  g rea t e s t  r ise probably located beyond the  limits of t h e  accessible  
photographic recording of t h e  wavelengths (wi th  t he  photographic materials 

A 

C 

FYg.13 Spec t ra l  Brightness of t h e  Flowers of t h e  Subalpine
and Alpine Zones and Snow Line of Eastern Pamir 

Section A. Yellow flowers of t h e  subalpine and a lp ine  zones of 
Eastern Pamir. 1- Large yellowish-orange flower cushions of Tanacetum 
g r a c i l a  Hook e t  th., photographed i n  the  a lp ine  zone of  Eastern Pamir 

( con t fd )  
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a t  an a l t i t u d e  of 4800 m above sea l e v e l  a t  uniform overcast a t  
l 5 : O O  on August 30, 1951, a t  a- temperature among t h e  p lan ts  of 
15.L°C. 2 - Bright-yellow flowers of a large cushion of polypetalous 
dnque fo i l  (Poten t i l l a  lrmltifida L.), photographed against  the  back
ground of  i t s  dark-greer. feathery leaf le ts  on August 30, 1951 a t  
l3:4O a t  uniform c i r ros t r a tus  cloud cover ( C i s t ) ;  temperature among 
the  plants ,  l5 ,PC.  3 - Large br ight  orange-reddish flower cushion 
of biennial  wormwood (Artemisia macrocephala Jacq. ) in t h e  subalpine 
zone, photographed i n  f u l l  daylight on August 5 - 9, 1951 (average 
of three rep l ica t ions)  i n  t h e  area of t he  Chechekty landmark, alti
tude 3860 m above sea leve l ,  a t  a temperature among t h e  p l an t s  of 
18.4 - 1 9 ° C .  L - Its bluish verdure, photographed under t h e  same 
conditions (average of four repl icat ions) .  5 - Bluish, severely 
dissected and drooped leaflets of tansy (Tanacetum g rac i l a  Hook e t  th .  ), 
photographed under the  same conditions as the  flowers of t h i s  plant.  

Section B. Pinkish-li lac flowers of t he  alpine zone of a s t e r n  
Pamir, photographed by the  author i n  the  a rea  of  the  Alpine Stat ion 
of t he  Pamir Biological Stat ion on t h e  pas t  g l ac i e r  moraine a t  Zor-
Chechekty ( a l t i t ude  ~ 7 6 0- L800 m above sea l e v e l )  during the  period 
from August 29 t o  September 2, 1951. 6 - Dark-green leaflets w i t h  
l i l a c  margin of Waldcheimia t r i d a c t y l i t e s  Kar. e t  K i r . ;  temperature 
+12.1° C. 7 - Its pinkish-li lac flowers (average o f  three rep l ica t ions) ;  
the  temperatme among t h e  plants varied w i t h i n  10 - II,.pC. 8 - Bright 
pinkish-li lac feathery flowers of  Saussurea parrtirica C. i J i n k l . ,  re
senibling v e r j  l a rge  flowers of agrimony (average of two rep l ica t ions) ,  
photographed by the  author on August 31 and September 1, 1951 a t  16:30 
and 17:OO ZT a t  a temperature amng t h e  p l an t s  of 5 .6OC and 11.!?C. 
9 - Continuous cover of pale  pink small flowers with a dark-li lac core 
of primula (Androsace l a n a t i f l o r a  Ovez) (average of th ree  rep l ica t ions) ;  
temperature, 18.3 - 21.8C. 10 - Bluish-silver feathery flowers of 
edelweiss (Leontopodium ochroleucum Bod.), photographed by t h e  author 
on August 29 and 30, 1951 a t  a temperature of 7.6' and 8.TC among 
the  plants. 

Section C. 11- Bright l i l ac -v io l e t  flowers of  peas (Qxytropis 
immersa (Baker) Bge.], photographed by A.P.Kutyreva i n  the  lower port ion 
of the  snow l ine  of Eastern Pamir a t  5000 m above sea l e v e l  on August 29 
and September 2, 1951 i n  fu l l  daylight a t  a temperature of 12.8 and 
9.4'C among t h e  p l an t s  (average of two repl icat ions) .  12  - Spectral  
brightnqss of b lu ish  verdure of pea, photographed under the  same condi
t i ons  a t  a temperature from 7.1' t o  1 4 . 8 C  among t h e  p lan ts  (average 
of four repl icat ions) .  Photographed on August 29, 30, and 31 and 
Septerrker 1, 1951. 

available t o  the  expedition). Within the  investigated spectrum region, the  
infrared maxi" rose mre than 2os%only f o r  flowers; f o r  most of t h e  green (or ,  
more exactly, t he  bluish-gray o r  brownish-lilac) p lan ts  it w a s  i n  t h e  range of 
7 - 8%and lower (see F'igs.12 and 13). Le=! 

During t h e  e n t i r e  invest igat ions i n  the  areas of the  a lp ine  zone and snow 
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l i n e ,  we had cold weather w i t h  cloud formation during t h e  second half  of t he  
day; on some days, t he re  was unbroken cloud cover, which made.it possible  t o  
determine t h e  type of change i n  t h e  op t i ca l  p roper t ies  of a lp ine  p l an t s  during 
the  t r a n s i t i o n f r o m f u l l  dayl ight  t o  uniform overcast. A t  a l t i t u d e s  of t h e  order 
of 5000 m above sea l eve l ,  a t  an exceptionally t ransparent  sky and negl ig ib le  
d i f fuse  radiat ion,  this resu l ted  i n  wide f luc tua t ions  in i n t e n s i t y  of t h e  t o t a l  
rad ian t  energy flux s t r i k i n g  t h e  p l an t  surface. However, as shown i n  Fig.12 
and Table L, t h e  f luc tua t ions  i n  spectral br ightness  of t h e  alpine p l a n t s  
were comparatively s l igh t .  Under t h e  low temperature conditions of t h i s  period, 

Fig.14 Spec t ra l  Brightness of Flowers of the  Same Colors 
and t h e i r  Verdure of t h e  Alpine Zone of Tien Shan and t h e  

Subarctic. Based on Data by A.G.Tikhov (Bibl.84) 
and K.I.Koslova (Bibl.30) 

(conttd ) 
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Section A, . Yellow flowers of cen t r a l  Tien Shan: 1 - Yellow 
flowers (Chorispora macropoda Trautv. ) i n  t h e  va l l ey  of Lake Chatyr-
K u l t  (cold dese r t  of cen t r a l  Tien Shan, 3619 m above sea l e v e l ,  
June 17, 1950, h,56'; da t a  by K.I.Kozlova). 2 - Same, August 23, 
1949 i n  the  v i c i n i t y  of t he  Alpine Geophysical Observatory (cent ra l  
Tien Shan, 3820 m above sea l e v e l ,  h,56' ; data  by K.I.Kozlova).
3 - Yellow flowers of Smelovskya calycina,  photographed by K . I .  
Kozlova on t h e  same day and under t h e  same conditions as f o r  
curve 1, bu t  a t  h,730, i.e., around noon. L - Yellow flowers of 
Oxygraphis g l a c i a l i s  (Fedtsch. ) Bge., photographed by K.I.Kozlova 
i n  t h e  v i c i n i t y  of t he  Alpine Geophysical Observatory; a l t i t u d e  
3820 m above sea l e v e l  on August 29, 1949 a t  h,L@ . 5 - Its green 
growth photographed simultaneously under t h e  same conditions, 

Section E,. Pink flowers from t h e  forest-tundra of the  sub
a r c t i c  ( v i c i n i t y  of Salekhard) and a lp ine  zone of Tien Shan. 
6-7 - Green growth and pink flowers of  rosemary (Ledum pa lus t r a ) .  
Forest-tundra i n  the  v i c i n i t y  of Salekhard, a l t i t u d e  35 m above 
sea l e v e l ;  photographed on Ju ly  9 ,  l?LS a t  h, ,46O (data by K . I .  
Kozlova). 8 - Lilac-pink flowers of a lp ine  betony (Pedicular is  
rhinanthoides),  photographed by K.I.Kozlova on August 23, 19L9 ir, 
t he  v i c i n i t y  of t h e  Tien Shan Alpine Geophysical Observatory a t  
h, 56' ( cen t r a l  Tien Shan, 3820 m above sea l e v e l ) ,  

Section C,. V i o l e t  and blue flowers i n  t h e  a lp ine  and sub
a lp ine  zones and in the  f o o t h i l l s  of  northern Tier! Shan (based on 
da ta  by G.A.Tikhov; Bibl.tSL, 8 5 ) .  9 - Cortusa a l t a i c a ,  bluish-
l i l a c  flowers, photographed on July 26, 19L6 (3000 m above sea 
l eve l ) .  1 0  - Dark-violet velvet- l ike f r inge  of i r i s ,  Kay 19, 
191&6;Alma-Ata, Astrobotanical Gardens, 850 m above sea leve l .  
11 - Viola a l t a i c a ;  d ry  range (3000 m ) ,  Ju ly  26, 19LL6; l a rge  
b lu ish- l i lac  velvety flowers. 

the  temperature maximum even a t  the  s o i l  surface reached + 3 8 C  only occasionally 
(August 26) although it did not drop below t h i s  (+29C), while the  min i "  stayed 
within -7" t o  -11.2?Cc. I n  t he  first Section ( I )  of Fig.12 (curve 3 a )  we show 
f o r  comparison, based on t h e  da ta  by K.I.Kozlova (Bibl.30), t he  spec t r a l  br ight
ness of a l a rge  cushion of Sibbaldia te t randra  Bge. i n  t h e  cold dese r t  of  
Central Tien Shan ( i n  t h e  v i c i n i t y  of t he  Alpine Geophysical Observatoq-, alti
tude 3820 m above sea l e v e l ) ,  which demonstrates t h e  appreciably grea te r  ref lec
t ion  f o r  a l l  wavelengths, and p a r t i c u l a r l y  i n  t h e  in f r a red  region, i n  comparison 
with the  a lp ine  b e l t  of Eastern Pamir. Curve (10) i n  Section V of Fig.12 shows 
t h a t  young p lan ts ,  under the  conditions or" t h e  g rea t  heights  of  t h e  a lp ine  zone 
of Eastern P a r ,  r e t a i n  t h e i r  p roper t ies  of  g rea t e r  spec t r a l  br ightness  only 
if t h e  maximum i s  sh i f ted  t o  the  shorter-wave region of  t h e  v i s i b l e  spectrum 
and t o  the  u l t r a v i o l e t .  

A comparison of t h e  curves i n  Figs.12 and 13 ( f o r  green growth) w i t h  t he  
changes i n  the  o p t i c a l  p roper t ies  of Eurotia ceratoides  i n  the  subalpine zone 
of Eastern Pamir, under the  e f f e c t  o f  t h e  considerably smaller va r i a t ions  i n  
environmental conditions (Fig. 7), shows t h e  s ign i f i can t ly  grea te r  range of var i 
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a b i l i t y ,  espec ia l ly  i n  t h e  in f ra red  region of t he  spectrum, f o r  p l an t s  of t he  
subalpine zone. T h i s  again confirms t h a t ,  w i t h  increasing elevati.on of the  
l o c a l i t y  above sea l e v e l  and an increase i n  radiant  energy absorption, t he  
constancy of t he  o p t i c a l  p roper t ies  increases  or t he  amplitude of f luc tua t ions  
decreases under the  e f f e c t  of var ious environmental factors .  

Of great  i n t e r e s t  i s  a comparison of t h e  spec t r a l  br ightness  of t he  flowers 
of the  subalpine and a lp ine  zones of %astern Pami r  with the  flowers of o ther  
c l imat ic  regions. A comparison of t he  spec t r a l  br ightness  of  flowers of d i f fe r 
en t  color  shows t h a t ,  i n  t h e  subalpine and alpine zones of Eastern Pamir  
(Figs.i3 and 14, Sections A-A, , B-B, and C-C1 ), t h e  br ightness  and b r i l l i a n t  
colors  of t h e  flowers ( t o  a t t r a c t  i n s e c t s  for po l l ina t ion )  i s  achieved a t  a 
g rea t e r  economy of e n e r a  than i n  o ther  c l imat ic  regions, including t h e  humid 
higflznds and subarct ic  regions. Nevertheless, i n  some, although narrower por
t i ons  of t he  spectrum, r ad ia t ion  f o r  some p lan t s  of t h e  subalpine zone ( A r t e 
misia macrocephala Jacq.) can reach l a rge  values exceeding uni ty  (see Curve 3 
of Section A,  Fig.13, X 580 - 590 m p  and Curve 9, and for t he  a lp ine  p l an t s  
Tanacetum g rac i l a  Hook e t  th. and Androsace l a n a t i f l o r a  Ovez, Sections A and E 
of  t he  same diagram). The spec t r a l  br ightness  curves of  one o r  two p lan t s  
(Curves I, - 5 o f  Section C, and 5 of Section A , ,  6 o f  Section B and B, and 12  of 
Section C )  c l ea r ly  show the  enormous differences in the  values of t h e  br ightness  
between the  flowers and green growth. T h i s  shows the  abundant expenditure of 
energy by t he  p l an t s  during the  period of vigorous blossoming, even under the  
most aiistere er,virom.ental conditions. 

The bluish-silvery downy flowers of  edelweiss (Curve 10, Section B y  
F i ~ . 1 3 )  and the  pale  l i l a c  and v i o l e t  flowers of t h e  many legumes of  Eastern 
Parnir  d i f f e r  grea t ly  i n  t h e i r  spec t r a l  charac te r i s t ics .  As a typ ica l  example, 
Section E of Fig.13 gives t h e  spec t r a l  cha rac t e r i s t i c  of t h e  pa le  v i o l e t  
flowers o f  peas (Oxytropis immersa (Baker) Ege.) which penetrate  almost t o  the  
upper boundary o f  vegetation a t  t h e  snow l i n e  of %stern Pamir (beyond 5000 m 
above sea l e v e l ) .  It i s  impossible t o  give an analogy with the  flowers of other  
clirnatic zopes of similar co lors  f o r  t h i s  Section ( C )  on the  b a s i s  of  t h e  ma
t e r i a l  a t  our disposal ,  which i s  qu i t e  c l ea r  from the  spec t r a l  br ightness  L911 
curves of the  l i l a c  and v i o l e t  flowers of o ther  zones (F ig . lL ,  Section C , ) .  

In  concludir*g the  ana lys i s  of  t he  mater ia l  of the  spec t r a l  inves t iga t ions  
of p l an t s  i n  the  subalpine and a lp ine  zones and t h e  snow l i n e  of Eastern Pamir, 
we will spec l f i ca l ly  d iscuss  t h e  encountered pathological changes i n  the  op t i ca l  
propert ies  o f  plants.  Such phenomena a re  due pr imari ly  t o  the  marked changes 
i n  t h e  force and i n t e n s i t y  of i l luminat ion of  p l an t s  t h a t  had required a long 
t i m e  i n  adapting themselves t o  the  conditions of extremely weak i l luminat ion by 
d i f fuse  l i g h t .  Under the  conditions of t h e  excessive a i r  and s o i l  dryness i n  
Eastern Pamir, one r a r e l y  encolmters representat ives  of  bryophytes; therefore ,  
we were in t e re s t ed  i n  determining the  spec t r a l  cha rac t e r i s t i c s  of t h e  br ight-
green stonecrop we found i n  a chink of rock a t  the  boundargr of t h e  snow l i n e  
( the  widest p a r t  of t h e  chink faced North, and t h e  moss received only f a i n t  
i l luminat ion by d i f f u s e  l i g h t  during t h e  day and e n t i r e  year). It was impossible 
t o  photograph t h e  moss and t h e  comparison sca le  ( p l a s t e r  of P a r i s )  i n  t h e  chink; 
therefore  t h e  moss, together  with a rock fragment, w a s  extracted from the  chink 
and photog--ephed I n  ? i ~ ? . l  dayl ight ,  using a l l  r u l e s  of  f i e l d  photography of 
plants .  The r e s u l t s  obtained from t h i s  photograph w e r e  similar t o  t h e  results 
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recent ly  published by A. F.Kleshnin and 1.A.Shultgi.n (Bibl.29) on t h e  spec t ra l  
photography of p l a n t s  a t  a r t i f i c i a l  l i gh t ing  at t h e  i n s t a n t  of turning on the  
l i g h t ;  only, t h e  magnitude of emission o r  repulsion by the  p lan t  of t h e  in
stantaneous b r igh t  l i g h t  f l u x  was as many times g rea t e r  as the  i n t e n s i t y  of 
sunl ight  i s  g rea t e r  in August, a t  an a l t i t u d e  of 5000 m above sea l e v e l  a t  l a t i 
tude 3 8  during the  midday hours, than t h e  a r t i f i c i a l  l i g h t  source. Since we 
could not photograph t h i s  p lan t  i n  i t s  normal environment of i l luminat ion by 
weak d i f fuse  l i g h t  and s ince the  var iab le  cloud cover t h a t  formed during the  
second half  of t h e  day did not permit u s  t o  ve r i fy  whether t he  p l an t  could adapt 
i ts  o p t i c a l  apparatus t o  strong sunlight,  we w i l l  no t  now publish i t s  spec t ra l  
curves. 

A second case of  d i s rupt ion  of t he  normal a c t i v i t y  of t he  o p t i c a l  apparatus 
of p l an t s  was  encountered i n  the  v i c i n i t y  of Chechekty, during a r a t h e r  strong 
foehn with wind v e l o c i t i e s  up t o  ll+- 1 5  m/sec and a drop i n  absolute  and rela
t i v e  humidity t o  almost zero, a t  a completely cloudless  dark-blue, almost 
v i o l e t ,  sky and exceptionally high transparency of t h e  a i r ,  Since, during such 
phenomena, we had detected more o r  l e s s  s ign i f i can t  changes in the  spec t r a l  

Fig.15 &ample of Change in Optical  Proper t ies  of 
Subalpine P lan t s  of Eastern Pamir a t  t h e  S t a r t  of  a 

Foehn (Data by A .P .Kutyreva ) 
1 - Hirsute pea (Oxytropis h i r su t iu scu l l a  Freyn) photographed 
August 9, 1951 i n  t h e  area o f  t he  Chechekty landmark (3860 m 
above sea l e v e l )  on the  bank of a permanent i r r i g a t i o n  d i t c h  a t  
t h e  s t a r t  of t h e  foehn. Temperature among t h e  p lan ts ,  1 7 . 6 O C Y  
f u l l  dayl ight ,  s t rong westerly gusts  up t o  9 - 10 m/sec. 2 - O x y 
t r o p i s  chi l iophyl la  Royle, photographed a t  t h e  same place under 
normal weather conditions August 5, 1951 a t  a temperature among the  
p l an t s  of 21+.20 C. Completely cloudless weather, l i g h t  southeaster ly  

breeze up t o  1- 2 m/sec. 

cha rac t e r i s t i c s  of t h e  incident  radiant  energy, evidenced i n  a g rea t e r  o r  l e s s e r  
s h i f t  of t h e  energy maximum i n  t h e  spectrum, we were in te res ted  i n  how p lan t s  
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ir. dlfferer i t  habl'vats woLld r e a c t  t o  these  phenomena ( a t  t h e  highest  and lowest 
uptake of  r;oist::re ?-tt h e  s tart ,  r i d d l e ,  c lose  t o  t h e  end of  t h e  foehn, i.e., 
during t h e  g rea t e s t  i n t e n s i t 7  and severity o f  t h e  foehn conditions created f o r  
t he  p l ac t s ) .  As mentioned i n  p a r t  i n  t h e  Chapter on t h e  methodological portion 
of t he  inves t iga t ions ,  we made such observations on August 9 ,  1951 i n  the  vicini
t y  of Clreche?-:t:; ( s iba lp ine  zone of  Eastern Pamir, a l t i t u d e  3860 m above sea 
level  >. 

Figure 15 shows t h e  resclts of t he  spec t r a l  photography of one type of  fi 
%;.-hopis (Oxytropis 3 i r s u t i u s c u l l a  Freyn) which had been growing on the  bank 
of  a permaner.t i r r i g a t i o n  d i t c h  a t  t h e  start of t h e  foehn-like wind. The spec
tm of another species (Ox-ytropis chi1ioph;rlla Royle), which i s  close i n  opti
c a l  p roper t ies ,  obtained under normal conditions i s  given f o r  comparison. A s  
indicated by Curve 1 of t h i s  diagram, already a t  the  start of t h e  foehn and 
desp i t e  t h e  good supply of moisture, t he  p l a n t  showed a noticeable react ion t o  
t h e  r.ew adverse condition. This was  expressed by an abrupt increase i n  emission 
(up t o  values g rea t e r  than u r i t y )  i n  a comparatively narrow port ion of  t h e  near 
ln f ra red  ( 7 5 C  - 770 IT.&),posslbly a defense mechanism of t h e  p l a n t  t o  prevent 
overl-:eating o f  i t s  t i s s u e s  and interference with t r ansp i r a t ion  during the  
2bruptl:r irLcreasir.ga r i d i t y  of t h e  air ,  

Photographirg i n  dry semi-desert areas o f  t he  l o c a l  aborigines which had 
become nost adapted over nany cer- tur ies  t o  t h e  severe c l imat ic  arid ecological 
condizions of t k i s  regi.03 showed that,, even i n  t h e  middle of  t he  foehn when the  
developinent of  t he  all adverse phen0mer.a approaches a maximum, t he  react ion of 
h e i r  o p t i c a l  p rcpe r t i e s  i s  less  obvious o r  e n t i r e l y  unnoticeable, which can be 
explained on1L.r by t h e  hardening of t h e  plar-ts t o  t h e  constant exceptionally 
grea t  dryness of  t h e  a i r  and t h e  high temperatures o f  t h e  sur face  during t h e  
nidci:.,:.- k,ours. 

m-.?e most st,-ril.ring respor,se LI;-LS t h a t  of the fodder grasses  a t  t h e  nursery 
o? L::e F.;.::2r Siological  S t a t i o n  i n  t h e  area of t h e  drainage d i t c h e s  from t h e  
experimental p l o t s  of t he  S ta t ion .  

The invest iqat ion here w a s  ca.rried out  before t h e  end of  t h e  foehn, a t  t he  
period of  g rea t e s t  in te r , s i ty  of t he  unfavorable fac tors .  A s  shown by a pre-
L imi rey :  invest igat ion and check t e s t ,  bands of intense emission appear f o r  a 
number o f  p lan ts ,  no t  on ly  i n  t h e  near  in f ra red  b u t  a l s o  i n  t h e  v i s i b l e  s p e c t m  
region. The da ta  of t h e  s p e c t r a l  invest igat ions of  p l a n t s  during t h e  foehn a t  
t h e  most a r i d  semi-desert port ion of t h e  plateau and a t  t h e  nursemj f o r  fodder 
grasses ,  as indicated above, w i l l  require addi t ional  processing and ve r i f i ca 
t ion.  

.5. Conclusio-ns;_Ke.ehod o f  Analysis 

Using t h e  d i r e c t  co r re l a t ion  between t h e  i n i t i a l  values of t h e  s p e c t r a l  
br ightness  of  t h e  p lan ts ,  taken from t h e  character is t ics ,and t h e  f i n a l  result 
reduced t o  t h e  first diaphragm and referred t o  t h e  br ightness  of  baryta a t  t h e  
same wavelengths, t h e  conputational p a r t  of  t h e  photometric ana lys i s  o f  t h e  
spectrograms can be  reduced by  precalculat ing Tables f o r  extrapolat ing t h e  
i n i t i a l  d a t a  t o  t h e  f i n a l  result, f o r  those port ions of t h e  spectrum where t h e  
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mean difference between t h e  br ightness  of baryta and the  plaster-of-Paris p l a t e  
used f o r  obtaining the  photometric sca le  has a s t ab le  character. 

This cor re la t ion  v a r i e s  when photographing p l an t  spectra  through d i f f e r e n t  
diaphragms, f o r  which reason the  Tables a re  compiled f o r  several  d i a p k r z p s ,  
most f requent ly  used i n  photography. A s  an example, Table ? .gives a p a r t  or" 
t h i s  conversion Table f o r  t he  diaphragm No.12 used i n  t h e  work w i t h  t h e  qiiartz 
spectrograph, 

Use of  t he  conversion Table acce lera tes  t he  ana lys i s  process and precludes 
random' calculat ion e r r o r s  and thus  increases  t h e  accuracy of the  obtained re
sults. 

6. 	 Conclusions; R e a l  Spec t ra l  Photograph:. 
of P lan ts  under Alpine Conditions 

1, A comparison of t he  r e s u l t s  of t h e  f i e l d  spec t r a l  i rves t iga t ions  of  t he  
p l an t s  of Pamir with t h e  published da ta  f o r  o the r  c l imat ic  zones and the  humid 
highlands of Tien Shan yielded t h e  following bas i c  func t iona l i t i e s  and correla
t i o n s  of t he  change i n  op t i ca l  p roper t ies  of p lan ts :  a )  species  modifications, 
b )  	temporal changes, i.e., with respect  t o  the  time of habi ta t ion under Pamir 
conditions (see Table 8 and Figs.8, 9, and lo), and c )  charge i n  a l t i t u d e  above 
sea l e v e l  (see Tables 9 and 10  and Figs.?, 9, 10,11, 12, 13, and 11,). 

2. The g rea t e s t  changes i n  magnitude and q u a l i t a t i v e  indices  ( i , e . ,  the  
s h i f t  i n  the  r i s e  o r  dec l ine  of rad ia t ion  and the  pos i t ion  of the  extreme poin ts  
i n  t h e  spectrum and t h e  width of t h e  encompassed region of t he  spectrum) a r e  
noted near the  inf ra red  and yellow-green m i m a  of the r e f l ec t ion  and transmis
sion of l i g h t  through t h e  l e a f ,  as well  as i n  t h e  width and depth of t h e  m a i r ,  
absorption band of chlorophj l l .  Among the  invest igated p l an t  species, the  
changes were as high as 50 - 60 p i n  the  spectrum pos i t ion  and up t o  tenfold i n  
magnitude (see Tables 8, 9, 10  and Figs.9, 10, 12). 

3. With an increase i n  a l t i t u d e  of  habittrt above sea l e v e l ,  both i n  the  
humid and dry highlands, there i s  a general tendency toward ar. increase in the  
absorption of l i g h t  by p lan ts ,  owing t o  the  more o r  l e s s  appreclable broadenkg 
of t h e  main absorption band of chlorophyll ,  and a general  decrease ir! l o s ses  of  
energy taken up bj: t he  p lan t  due t o  r e f l ec t ion ,  transmission through the  l e a f ,  
and self-emission". 

L. The character  of modification of individual  op t i ca l  p roper t ies  of p l an t s  
w i t h  a l t i t u d e  d i f f e r s  i n  t h e  humid and ir, t he  dry  highlands (under the  COR- /10G 
d i t i o n s  of t he  humid highlands, t h e  r e f l ec t ion  ind ices  undergo extensive changes, 
whereas under conditions of t he  dyy highlands, it i s  t h e  t rarsmission indices  

% By self-emission we mean a l l  types of emission occurring i n  p lan ts ,  such as 
fluorescence, chemiluminescence and, possibly,  o ther  l i t t l e  invest igated t,ypes 
of rad ia t ion  associated with var ious v i t a l  processes and types of metabolism. 
The expenditure of absorbed energy f o r  t ranspi ra t ion ,  photosynthesis, and o t h e r  
physiological processes was not taken i n t o  account here. 
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t h a t  undergo changes). 

The a l t i t u d e  s h i f t  of t h e  vegetation zones, t h e  appreciable increase of 
atmospheric transmittance and, associated with t h i s ,  t h e  s h i f t  i n  energy d i s t r i 
bution of t h e  spectrum of rad ian t  energy incident  on t h e  p l an t s  toward shor te r  
wavelengths, with t h e  addi t ion  of t he  shorter  u l t r a v i o l e t  rays  t o  t h e  spectrum 
( i n  comparison with t h e  va l leys) ,  as w e l l  as t h e  s ign i f i can t  increase i n  intensi
t y  of t he  inf ra red  rays,  lead not only t o  an increase i n  the  absorption of 
l i g h t  bu t  a l so  t o  a broadening of t h e  b io logica l ly  ac t ive  spectrum region (pr i 
marily owing t o  the  s h i f t  i n  t he  spectrum of the  s tar t  and g rea t e s t  rise of the  
inf ra red  r e f l ec t ion  maxi"). This was found long ago by A.N.Danilov, although 
he arr ived a t  this conclusion i n  a completely d i f f e r e n t  manner (Bib1.11, 12).  

5. Plo t t ing  t h e  t o t a l  l o s s e s  of radiant  energy of t h e  p l an t  i n  t h e  spectrum 
(Fig.11) w i l l  appreciably smoothen t h e  peaks i n  t h e  spec t r a l  cha rac t e r i s t i c s  of 
individual  op t i ca l  propert ies ,  produced by t h e  grea t  d i f fe rences  i n  the  na tura l  
conditions of t h e  individual  zones; such p l o t t i n g  a l so  gives a b e t t e r  view over 
the  bas ic  l a w s  of u t i l i z a t i o n  of rad ian t  energy by p l an t s  i n  t h e  main zones. 
Thus, with an increase i n  a u s t e r i t y  of t he  environmental conditions ( a l t i t ude ,  
northward migration),  the  absorption of radiant  energy by t h e  p l an t s  a l so  in
creases. In t h i s  case, t h e  limits of t h e  b io logica l ly  ac t ive  spectrum region 
widen, and the  l o s s e s  of rad ian t  energy a t  the  yellow-green and inf ra red  m a x i m a  
decrease sharply. The inf ra red  maximum s h i f t s  t o  t h e  longer-wave region of the  
spectrum, w i t h  a more o r  l e s s  considerable broadening of t he  main absorption 
band or" chlorophyll i n  t he  mountains. 

6. These changes i n  t h e  o p t i c a l  p roper t ies  of p l an t s ,  i n  connection with 
changes I n  environment,lead t o  a modification of t h e  spec t ra l  d i s t r i b u t i o n  of 
the  radiant  energy re f lec ted  from and transmitted through t h e  l ea f .  On t h e  
bas i s  of t h i s  r egu la r i ty  and the  l a w  of t h e  conservation of energy, we can pre
d i c t  the spec t r a l  c h a r a c t e r i s t i c s  of t he  op t i ca l  p roper t ies  of t he  p l an t  cover 
on o ther  planets.  Toward t h i s  end, a de ta i led  ana lys i s  will be required of t h e  
superposition of t h e  c h a r a c t e r i s t i c s  of the  physical conditions and of t h e  opt i 
ca l  p roper t ies  o f  t he  atmosphere of such planets.  

7. I n  addi t ion  t o  the  above general r e g u l a r i t i e s  i n  t h e  change of  t h e  opt i 
ca l  p lan t  proper t ies  with any r ad ica l  change in environmental conditions,  there  
a r e  a l s o  more or l e s s  marked changes i n  t h e i r  individual  elements during t r ans i 
tory  coxparatively b r i e f  changes in environment. 
t i o n  of such changes i n  var ious port ions of t h e  spectrum. A s  with changes of a 

Figure 7 shows the  d i s t r ibu 

more profound nature ,  t he  region of t he  inf ra red  e f f e c t  i s  t h e  most sens i t i ve  
and, t o  a l e s s e r  degree, t h e  yellow-green maximum and t h e  main absorption band 
of  chlorophyll. 

An ana lys i s  of these changes a t  var ious a l t i t u d e  zones shows t h a t ,  with an 
increase o f  rad ian t  energy absorption with height, as t h e  a u s t e r i t y  of environ
mental conditions increases ,  t h e  magnitude and amplitude of  t h e  appearance of 
these changes diminish not iceably (see Fig.12). 

8. The o p t i c a l  p roper t ies  of flowers have d i f f e r e n t  r e g u l a r i t i e s ,  namely: 
Their econoq  o f  energy with an increase in seve r i ty  of environmental conditions 
i s  e i t h e r  weakly manifest or, as i s  apparent from Fig.13, there  i s  a narrow high 
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radiat ion maxirmun i n  some portions of t h e  spectrum. 

9. I n  addition t o  the above changes i n  the  op t i ca l  propert ies  of plants ,  
there  a re  so-called pathological phenomena probably associated w i t h  a disturb
ance of t he  n o m 1  functions c)r regulatory a c t i v i t y  of t he  op t i ca l  apparatus = 
of p lan ts  under the  most adverse conditions. These phenomena include the  e f f ec t  
of foehns and the abrupt change from protracted exposure t o  weak il lumination by 
d i f fuse  l i g h t  t o  f u l l  daylight. In  the  l a t t e r  case, we hzve an analogy w i t h  the 
phenomenon, noted by A.F.Kleshnin and I.A.ShulTgin, of t h e  b r i e f  increase i n  
emission by p l an t s  cult ivated under a r t i f i c i a l  l i g h t  a t  the  in s t an t  of turning 
on the l i gh t .  
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CARTOGRAPHY OF THE SEAS OF MARS BASED ON THE NEGATIVES /10L 
OBTAINED BY G.A.TIKHOV I N  1909 

A. K. Suslov 

1. Purpose and Problems of  t h e  Work 

The first drawings of Mars w e r e  made a s  long ago a s  1636 by Fontana. H i s  
work was continued by Huygens i n  1656. Huygenrs drawing of October 2EI, 1659 
already shows the  region of S y r t i s  Major. On Cassini's cha r t  of 1666 even 
grea te r  d e t a i l s  are noted. Maraldi made fu r the r  drawings i n  170L. By t h i s  time 
the  first maps o f  Mars with a network of meridians and p a r a l l e l s  appeared, In 
1719, Biancini prepared charts ,  followed by Herschel i n  1777, whose observations 
were used f o r  compiling a r a the r  good map of ha l f  of  t he  surface o f  Mars. I n  
1877, Schiapare l l i ,  who detected t h e  canals, began his inves t iga t ions  (Bibl.1). 

Detailed and systematic inves t iga t ions  of t h e  Martian surface have been 
going on since this time. On t h e  map by Burton arid Dreyer o f  1879, t he  canals 
show d i s t inc t ly .  Great changes i n  ou t l ines  i n  the  region of S o l i s  Lacus were 
noted upon comparing t h e  observations of 1830 - 1862 - E77.  

The most outstanding observers of Mars, a f t e r  Schiapare l l i ,  were Lowell and 
Antoniada. I n  Russia, maps were compiled from v i sua l  observations by D.Ya. 
Martynov, L.V.Sorokin, N.P .Barabashov, and o thers  ( B i b l .  �! ). 

However, v i sua l  observations are fraught with numerous subject ive evalua
t ions ,  which hampers a comparison of t h e  maps of d i f f e r e n t  observers. For ex
ample, Antoniadars cha r t s  bare ly  show t h e  canals,  while they are abundant on 
Lowell's maps. 

A comparison of t h e  cha r t s  of Mars, based on accurate  observations,  i s  
qu i t e  important t o  permit conclusions as t o  t h e  changes on the  planet ' s  surface,  
by comparing maps compiled a t  d i f f e r e n t  times. Changes i n  the  ou t l ines  of  t h e  
continents and seas  ind ica te  processes occurring i n  t h e  c rus t  o r  on the  surface 
of Mars, The question of t h e  evolution of t h e  Martian surface i s  a l so  qu i t e  
important from t h e  as t robio logica l  viewpoint and i s  of g rea t  b io logica l  and 
philosophical value. If l i v i n g  organisms exist on Mars, they must be ab le  t o  
modify t h e  appearance of i t s  surface,  an e f f e c t  t h a t  would be not iceable  f o r  
decades. 

G.A.Tikhov ra i sed  the  question as t o  the  exis tence of i n t e l l i g e n t  beings 
on Mars, whose presence could be proved from rapid (on t h e  order  of several  
days) a l t e rna t ions  in t h e  color  and ou t l ines  of dark and l i g h t  regions during a 
given season of  t h e  year, as a consequence, f o r  example, of ag r i cu l tu ra l  work 
done simultaneously over l a rge  areas.  

Any attempt a t  a planned modification of nature ,  as it is  cha rac t e r i s t i c  
of a l l  soc ie t i e s  of i n t e l l i g e n t  beings i n  the  universe a t  a ce r t a in  s tage of 
t h e i r  soc ia l  development, could a l s o  be detected. For such purposes, accurate  
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cha r t s  of Mars are needed, /105 
I n  addi t ion  to  numerous v i sua l  observations, astrophotography w a s  en l i s ted  

i n  making maps of Mars. 

I n  1909, G.A.Tikhov a t  Pulkovo photographed Mars (Bibl.4). I n  l92L, 
Trumpler a t  t h e  Lick Observatory i n  the  US resumed this work and compiled a de
t a i l e d  char t  of t he  equator ia l  region and of t h e  e n t i r e  southern hemisphere of 
Mars (Bib1.7). A t  present ,  work i s  being done on processing Tikhovts negatives 
i n  order  t o  compile t h e  f irst  Soviet  photographic map of Mars of t h e  1909 epoch 
and, a f t e r  comparing it with Trumplerts l a t e r  map, t o  check from convergence 
with t h e  l a t te r ,  whether photographic observations have an advantage over v isua l  
observations. If t h e  i n t r i n s i c  convergence of t h e  poin ts  along t h e i r  coordi
nates ,  within t h e  limits o f  our  map, proves t o  be su f f i c i en t ly  high, one could 
def ine t h e  ac tua l  changes on t h e  Martian surface. I n  comparison with the  re
sults of  v i sua l  observations, which y i e ld  g rea t e r  d e t a i l s ,  t h e  photographic map 
has  grea te r  ob jec t iv i ty .  

The purpose of  t h i s  work i s  t o  compile a map of Mars on the  b a s i s  of Tik
hovts negatives. 

2. De-scription of Negatives 

I n  t h e  *%Report f o r  1909 - 1910 Presented t o  the  C o d t t e e  o f  t he  Niko
layevskaya Fain Astronomical Observatory by i t s  Director", i n  t h e  Chapter 
"Astrospectroscopy", we read: "The instrument- (30-inch r e f r a c t o r )  w a s  presented 
t o  M r .  Tikhov f o r  experiments of photographing c e l e s t i a l  bodies (mainly Mars) 
through color  f i l t e r s " .  

TABLE 1 

No. o f  
N e g a t i v e  

I I-
I I I 

59 P i n  acy m o l  690-ti55 670 6 .7  45.49.56 

14.35.41.50.54. 
57 P i n a c y m o l  680-600 640 4 . 9  Z t l  .60.65
34 Orthochrome or  615-54i 580 0.0 'I3 
43 p i n a v e r d o l  615 - 45)s 555 I .o Not measured 
32 550-495 520 1.6 46.55.66 

Thus, photography through color  f i l t e r s  w a s  used f o r  the first t i m e  i n  
planetary astronomy. A s  a result of these  experiments, G.A.Tikhov obtainea 
several  dozen negatives with p i c t u r e s  of Mars. Subsequently, 16 of t h e  b e s t  
negatives were selected,  each of which contained about 30 p ic tu re s  of Mars with 
various exposures. The s y s t e m s  of  r e l a t i v e  spec t r a l  s e n s i t i v i t y  of t h e  photo
graphic p l a t e s  i n  combination with t h e  f i l t e r s  used are given in Table 1. 
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See Table 2 f o r  d e t a i l s  on t h e  negatives. 

Each negative shows a series of  photographs with var ious exposures. The 
negative No.10 of August 4 contains a t rack  of Mars obtained when the  clockwork 
of t he  r e f r ac to r  was stopped, A l l  negatives a r e  w e l l  preserved. A network of 
dark lines, with lengths  reaching 0.1 mm, i s  not iceable  on t h e  d i sk  o f  Mars. 
The network i n t e r s e c t s  both the  dark and l i g h t  d e t a i l s  and i s  c l ea r ly  noticeable 
a t  tenfold magnification. A similar network, although weakly defined, i s  /lo6
noted a l s o  on t h e  fog of t h e  negative, Evidently, t h i s  i s  some kind of struc
t u r e  t h a t  formed on t h e  emulsion during t h e  long period of storage of t he  nega
t i v e s  and has no r e l a t i o n  t o  the  photographed object.  

TABLE 2 

Exposure, i B P L-
2.3 I 4  4 .O -1Y.7 3310.6 258O9 

24 1 4  10.0 - 19.7 331.6 267.0 

35 1s 5 .O -19.6 331.5 2 1 1 . 4  

44 22 5.0 -14.5 331.5 20 1.8 

45 22 30.0 -19.5 331.5 192.6 

46 22 23 30 , 5.0 - IP.5 331.5 193. I 
29:5 

49 23 23 . 24 . 30.0 - 19.5 331.5 181.1 
25.5 

!i0 23 2.3 . 30 , 6 . 0  -19.5 331.5 185.6 
07.0 

54 2 i  22 . 53 , 3 .O -19.4 331 .S 158.3 
00.0 

55 25 23 . 08 , 5.0 -19.4 331.5 162.8 
46.0 

56 25 70.0 -19.4 331.5 1 7 5 . 1  

56 27 7 . 0  -19.4 331 .O 1 3 . 2
I

60 27 5.0 , -19.4 331.5 163.9 
29 .o 

61 29 23 . 45 , 331.6 131.8 
4 7 . 5  

65 30 23 . 38 . 331.7 170.O 
06.0 

66 SO 371 7 117 .1  
/'",,:5 26 9 

Note: B = l a t i t u d e  of t h e  center  of  t h e  Martian disk;  P = posi
t i o n  angle of axis of  ro ta t ion ;  L = longitude of cen t r a l  meridian. 
Time of photographing i s  given i n  l o c a l  s ide rea l  time. 

3. Measuring Technique 

de  measured t h e  negatives i n  June 1952 a t  Alma-Ata. On each negative, we 
selected a frame showing t h e  g rea t e s t  c l a r i t y  of  d e t a i l  a t  a given magnifica-



t ion.  A Hartmann N0.70026 microphotometer was  used f o r  measuring t h e  rectangu
l a r  Cartesian coordinates of the  d e t a i l s ,  The stage of t he  microphotometer 

,/ 

Fig.1 Image of Mars on a Negative, Examined i n  the  Field 
of  View of a H a r t m a n n  Microphotometer with a Rectangular 

Diaphragm of the  Comparison Field 

could be moved i n  two mutually perpendicular d i rec t ions  by means of two racks. 
Both schties were equipped with vern iers  which permitted readings with an accu
racy of 10.05 m. The induced development o f  t h e  p r i n t  o f  Mars on the, negative C 

Fig.2 Diagram of Details Noted on the  Negative of Mars 
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? 
Fig.3 Image of  Mars, Magnification X 100, on Negative 

Plot ted by Measuring the  Rectangular Coordinates 
of Individual Poin ts  

W
‘1 

E 
Fig.lr. Project ion of t h e  Track of Mars on a Negative, Taken 

a t  Stopped Clockwork of  t he  Telescope and Plo t ted  et, 
Full Scale,  Based on Measurements of t h e  Rectangular 

Coordinates of Several  Points  

126 




---- 

was done i n  t h e  l e f t  upper corner D of t h e  rectangular  image, v i s i b l e  i n  t h e  
f i e l d  of view of t h e  ocular  A ,  of t h e  photometer diaphragm B (Fig.1). 

One development was made on each d e t a i l .  This  w a s  completely s u f f i c i e n t  
w i t h  t h i s  method of measuring, s ince  observations have shown t h a t ,  on several  
developments, always the  same reading i s  obtained, and even when developing on 
two very close bu t  separated (by a scarcely not iceable  i n t e r v a l )  d e t a i l s ,  t h e  
s a m e  result i s  a lnos t  always obtained. Different  readings were obtained when /107 
developing d e t a i l s  r e l a t i v e l y  far apart .  Thus, t h e  accuracy of one measurement 
w a s  not so much determined by the  personal e r r o r  in taking the  measurement but  
by t h e  instrument error, which amounted t o  3%a t  a d i sk  radius  of about 0.7 xmn. 
It w a s  qu i t e  d i f f i c u l t  t o  co r re l a t e  t h e  d e t a i l s  on t h e  d isk  with the  char t  of 
Mars, because of t h e  d i s t o r t i o n s  due t o  the  projection. Therefore, f o r  each 
photograph we compiled a diagram of t h e  measured d e t a i l s  on which t h e  test  
poin ts  w e r e  applied and numbered (F'ig.2). 

A s  a rule, we measured the  pro jec t ion  of t he  south po la r  cap - poin t  N 0 . k ;  
several  po in ts  near  t h e  boundary of t h e  polar  cap, and t h e  p laces  of i t s  in t e r 
sect ion with t h e  limb, f o r  example, Nos.1, 2, 3,  10 on Fig.3; t h e  pro jec t ions  
and depressions of  t h e  seas  - Nos.33, 29 and of t h e  continents - ~ 0 s . 2 6 ,  27, L5; 
the  poin ts  of i n t e r sec t ion  of t he  boundaries of the  continents with t h e  l imb -
Nos.L2, ILL, L6; t h e  s t a r t  and end of t he  canals - Nos.29, 30, W ,  42. The /loq
canals showed i n  the  form of very f a i n t  wide b e l t s  i n t e r sec t ing  the  continents,  
almost a t  t he  threshold of cont ras t  s e n s i t i v i t y  of t he  eye. Developments were 
a l so  made on the  r igh t ,  l e f t ,  upper, and lower limbs, with three  developments 
on each limb, i n  view of the  fuzziness  of t h e  l a t t e r  (see Fig.2 - po in t s  Nos.36, 
37, 38, 39). The measurements of t h e  t rack  from t h e  d iu rna l  movement of Mars 
across  t h e  sky w e r e  made every 20 mm on both s ides  of the  t rack.  The t r ack  was 
measured twice during t h e  work (Fig.L). 

L. Processing of  t h e  Test  Data 

The coordinates of  about 50 po in t s  were obtained from each photograph. To 
explain the  measuring methods, we w i l l  give an example of ca lcu la t ing  t h e  coordi
na te s  of t he  northern extremity of S y r t i s  Major which was  point  No.33, as shown 
i n  the  i d e n t i f i c a t i o n  of t he  d e t a i l s  a t  t h e  end of the  work. I n  measuring the  
negative No.2L f o r  processing t h e  poin t  No.33, t he  coordinates x = 93.55 and y = 
= W.35 were obtained. 

To determine t h e  x and y coordinates of t h e  center  of t h e  disk,  t h e  poin ts  
Nos.36, 37, 38,'39 were  meas-~red: ~~ 36 ,~37 38 39 

x X Y Y 
93.40 94.75 40.70 41.95 

93.40 91.75 40.70 41.95 

93.40 94.70 40.70 41.95 


93.40 94.73 40.70 41.95 


93.40 40.70 


L 41.95xo = 94 73
94.06 yo=--- 41.32 
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The correct ions f o r  t h e  phase angle of t h e  p lane t  can be introduced i n t o  
these values ( f ig .  5). 

F rom t h e  Nautical Almanac (Bib1.6), we will i n t e rpo la t e  t h e  value of q which 
i s  t h e  g rea t e s t  d i s tance  between t h e  terminator and t h e  limb and the  value of Q 
which i s  t h e  pos i t ion  angle of  t h e  l i n e  of t h e  horns. Thus, q = l l l .5 a t  a 

Fig.5 Project ion of t h e  Apparent Disk of Mars onto the  
Ce le s t i a l  Sphere, Demonstrating the  Phase Phenomenon 

Martian apparent diameter of D = 20"; Q = 2.52. I n  order t o  f ind  the  angle 
BCE, we will use t h e  quant i ty  P = L N C N d  ,which w i l l  be discussed l a t e r  i n  t h e  
text. P = 331'6' . A s  we see from Figs.5 and 6, LBC? = P - U, - ( 3 6 6  - Q) = 
= Lg6' .  

A s  a consequence of t h e  phase phenomenon, t h e  coordinates of t he  point  
No.37 represent point  E i n  place of point  F. This has an e f f e c t  on the  magnitude 
of t h e  d i sk  radius  and on t h e  pos i t ion  of  i t s  center. To cor rec t  the  l a t t e r ,  
we introduced t h e  correct ion 

-
=A X , E F  ~= 0.02; by, = 0.02; x o  = x,N -+Axo794.08; yo = 41.34. 

We see t h a t  t h e  correct ion f o r  t he  pos i t i on  of t h e  center  i s  so small t h a t  
it can be disregarded. It has a much g rea t e r  e f f e c t  on t h e  d i sk  radius ,  where 
it should be used. /110 

Let us  reduce the  coordinates t o  t h e  center  of t h e  d isk  and express every
thing i n  planetocentr ic  rectangular coordinates <, T: 

E = x - x ~ ,  l=y-yyo; E=-O.53, ~ = + 0 . 0 1 ,  

and then, on mill imeter graph paper, t r a c e  accurate  maps of each photograph a t  
magnification X 100 (see F'ig.2). From these  maps, l e t  us record t h e  polar  co
ordinates  of  each point :  The d is tance  from t h e  center  of  t h e  d i s k  p i s  recorded 
by a sca le  and t h e  pos i t ion  angle by a protractor .  
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To convert t o  t h e  conventional coordinate system, we w i l l  change t h e  sign 
of t he  quant i ty  TI  

Civ = p =v3?+ q' = 0.53; 
L CM tm'l f = 181O.3. 

Let us  f ind  the  pos i t ion  angle of t he  a x i s  5 .  For t h i s  purpose, we will use t h e  
drawing on which the  poin ts ,  taken along both s ides  of t h e  t rack  from the  d isk  

I 

W 

Fig.6 Diagram Elucidating the  Determination of  t h e  
Polar  Coordinates of t h e  Martian De ta i l s  

of Mars, a r e  p lo t ted  (Fig.4). The t r ack  of Mars represents  a proJect ion cf t h e  
c e l e s t i a l  p a r a l l e l  onto t h e  plane of t h e  negative, represented by t h e  l i n t  EW 
i n  Fig.4. From t h e  measurements, we f ind  L ECS = 91'. The pos i t ion  anglb Cr, i s  
read from the  north end of t h e  meridian N and will be 9 6  g rea t e r ;  L NCT = 
= U, = lSl@ A l l  this permits expressing t h e  angles i n  t h e  conventional system.
The pos i t ion  angle of our  point  M i s  found from t h e  formula L NCM = U = U' 
- U, = 0.3', bu t  for convenience of ca lcu la t ion  it i s  usua l ly  read o f f  i n  a 
d i r ec t ion  opposite t o  t h e  usual  d i r e c t i o n  for leading pos i t i on  angles. From 
the  ephemerides (Bibl.6) f o r  1909 i n  t h e  ttAppendixt' we took t h e  physical coordi
na te s  of Mars: P = pos i t i on  angle of t h e  a x i s  of ro ta t ion ;  B = l a t i t u d e  of  t h e  
center  of t he  d i sk ;  Lo = longi tude of t h e  cen t r a l  meridian. /111 

A s  t h e  rad ius  of ' the  d isk ,  we took the  average of two values obtained by 
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measuring i n  two mutually perpendicular d i rec t ions ;  a correction f o r  phase was 
introduced by t h e  graphic method described above: 

w i t h  the  average being r = 0.68. 

I t ' shou ld  be noted t h a t ,  as a consequence of photographic i r r ad ia t ion ,  t he  
polar  caps and t h e  adjacent b r igh t  regions protrude beyond the  limb and thus 
introduce an e r r o r  i n  t h e  radius  (see Fig.3, po in t s  Nos.3, L, 5, 7, 9, 12, e tc . ) .  

WZU 

C 

Fig.7 Sketch Showing t h e  Use of Wulff's N e t  f o r  Converting 
Planetocentr ic  Spherical  Coordinates t o  

Aerographic Coordinates 

The next s t ep  i n  t h e  work w a s  t o  convert from t h e  system of spherical  co
ordinates  P + U, y t o  t h e  system B ,  X - L of aerographic coordinates. Here, y 
i s  the  angular d i s tance  of t h e  d e t a i l  from t h e  center  of t h e  disk,  s i n  y = 

e - =  0.779, y = 51.6. The second coordinate w i l l  be P + u = 331'9' . This 
r 
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i s  done by means of a Wulf f  n e t  o r  a Kavrayskiy planisphere. I n  t h i s  case, the  
center  of t h e  d isk  ( C )  i s  placed a t  t h e  pole P, and P + U i s  read o f f  from the  
meridian ly ing  in t h e  plane of t h e  paper (Fig.7). This i s  one of t h e  methods /112 
of  solving t h e  problem in spher ica l  astronomy, namely, t h a t  of converting from 
one system of spherical  coordinates t o  another (Fig.8). I n  t h i s  manner, t he  
poin ts  were plot ted.  Then t h e  drawing, outl ined on t r ac ing  paper, w a s  turned 
about i t s  own center  so t h a t  t h e  pole  of t he  planet ,  which had previously been 
p lo t ted  with respect  t o  t h e  value B = -19”7’, became t h e  pole. The aerographic 
l a t i t u d e  was  read off  from t h e  equator, and the  values  h - L w e r e  read o f f  from 
t h e  meridian, bu t  i n  a d i r ec t ion  opposite t o  t h e  conventional, used f o r  readings 
of P + U;  S = +2L0 , X - L = 3U?. This ended t h e  graphic port ion of t he  pro
cessing. 

P 

C 
M 

Fig.8 Spherical  Triangle Formed by t h e  Pole of Mars P, 
t he  Center of i t s  Disk C, and the  Invest igated Point  M 

Photographing of  Mars w a s  car r ied  out ,  w i t h  time recording by a Dent 
chronometer with an accuracy t o  0.5 sec. The chronometer was  per iodica l ly  com
pared with Kassel’s s ide rea l  clocks, t o  which the  Pulkovo Time Service furnished 
t h e  corrections.  Thus, t h e  i n s t a n t  of exposure was known with su f f i c i en t  accu
racy. Such an accuracy i s  needed for i n t e rpo la t ing  t h e  value of L, which changes 
i n  proportion t o  time. The s ide rea l  time o f  observation was  converted t o  uni
ve r sa l  time, a f t e r  which t h e  time i n t e r v a l  which elapsed from Greenwich mean 
noor?, expressed i n  degrees, was  added t o  Lo and a correct ion introduced f o r  t he  
d i f fe rence  i n  the  per iods of ro t a t ion  of t he  ea r th  and Mars about t h e i r  own 
axes. Thus, t he  longitude of t h e  cen t r a l  meridian a t  t h e  i n s t a n t  of observation 
was calculated. ,  This made it possible  t o  obtain the  aerographic longitude of 
t h e  given d e t a i l  X = 21,p. 

5. D-rawing t h e  Maps 

A l l  of t h e  above processing yielded Tables of t he  po in t s  f o r  each negative. 
From these  da ta  we had t o  draw t h e  maps. 

For t h i s ,  it i s  preferab le  t o  use a Mercator pro jec t ion  provided t h e  l a t i 
tude does not exceed $8, and a po la r  stereographic pro jec t ion  when t h e  l a t i t u d e  
l i e s  within the  limits from 30 t o  9 8  (Bibl.2, 3, 5). 
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k7:,..9 Map of t h e  Martian Surface i n  a Mercator Project ion,  
Obtained from One of t he  Negatives 

On t r ac ing  paper, we  drew the  network of meridians and p a r a l l e l s  i n  a 
Mercator project ion i d e n t i c a l  i n  sca le  with "pier?s map (Bibl. 7)  and p lo t ted  
our po in t s  on t h e  t r ac ing  paper, separately for each negative (Figs.9, 10). 

Fig.10 Map of t he  Polar  Region o f  Mars i n  Polar  
Stereographic Project ion,  Obtained from One 

of t h e  Negatives 

We connected t h e  p lo t ted  poin ts  by l i n e s  acco-ding t o  the  diagrams drawn 
from measuring t h e  negatives. Then, t h e  obtained iltap was  superposed on Trum
p l e r * s  map and i d e n t i f i e d  by the  configuration of  these  d e t a i l s .  I n  t h i s  manner, 
a l l  ob jec ts  given below were iden t i f i ed ,  The canals i n  t h e  equator ia l  region 
could not  be iden t i f i ed ,  because of t h e  extensive sca t t e r ing  (of t he  order of 
16‘) of t h e i r  pos i t ions  on our maps. A comparison of t h e  maps obtalned f o r  d i f 
f e ren t  wavelengths showed t h a t  t he  d i f fe rences  between them l i e  wi th i rL  the  
limits of  the  random e r r o r  of a ,;iven map. Therefore, we added them t o  our 
main system y = 6 ~ 0mu, a t  whicri t he  majority of negatives had been photographed. 
To average out  t h e  configurations on a l l  negatives,  we drew each ob,ject, conti
nent, o r  ou t l i ne  of a given sea on an ind iv idua l  map on which we  p lo t ted  t h e  
corresponding points ,  as they had been obtained on a l l  negatives where t h i s  ob
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je c t  was encountered (73-3.11;. The average contour of t he  d e t a i l  was draw?. 
;:long thes- T o i n t s .  T*.ien, t h e  t ransparent  maps were superposed, and a general 
rnap of i:ars w a s  drawn i n  Mercator project ion (fig.12). The same was  done f o r  

Fig.11 Map of t h e  Northern Shore of t he  Southern 
Seas and the  Continent Ausonia 

The symbols correspond t o  d i f f e r e n t  A, (see Table 1) 

t h e  polar  region (Figs.13 and 1L). The convergence w a s  sa t i s fac tory .  The root
mean-square e r r o r  was calculated f o r  t he  northern boundary of t h e  seas by the  
formula 

and proved t o  be +loo' . Trumplerts (Bibl.7) e r r o r  w a s  of t h e  order  of +81'and 
t h a t  of Camichel d o l '  (Bibl.9). 

6. C_marison of  t he  Obtained Map with Maps of Other Authors 

A deviat ion from Trumplerts map, obtained i n  192/,, i s  observed a t  three  
main points.  Tne near-polar continent Thyle I was  sh i f ted  46' i n  longitude. /11L 
A t  t he  place of t h e  continent Thaumasia we have a mare, whereas south of t h i s  
loca t ion  there  i s  an unident i f ied  continent. On Trumplerts m p ,  t he re  i s  a 
l i g h t  area i n  t h i s  region. Final ly ,  our S y r t i s  Major i s  appreciably smaller 
because of an enlargement of I s i d i s  Regio, just  as it occurs on t h e  v i sua l  char t  
prepared by Burton and Dreyer i n  1879, with which our map f u l l y  coincides i n  
t h i s  region. The ou t l ines  of t h e  southern cont inents  are similar t o  those on 
t h e  v i sua l  map of Ye.Ya.Perepe1ki.n of l92L, but  are sh i f t ed  equatorward with 
respect  t o  t h e  v i sua l  map of D.Martynov, which w a s  compiled i n  t h e  same year  
(Sibl.8). Calculation of t h e  coordinates of Syr t i .s  Major by t h e  method of 
Ye.Ya.Perepelkin (Bibl.2) showed complete agreement with our  method of process
ing. 

7. Catalggu-e of t h e x o i n t  Coordinates of t h e  Martian Surface- ~~ 

The catalogue i s -a  l is t  of coordinates o f  po in ts  corresponding t o  t h e  maps 
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Fig.12 Map of the  Surface of Mars i n  Mercator Project ion 

(Figs.12 and lh) where the  f i n a l  averaged contours from all measurements o f  a l l  
negatives a re  entered. These a r e  mainly the  coordinates of a rb i t r a ry  points  
taken a t  the boundary between sea and continent. The physical meaning of t h i s  
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Fig.13 Map of t he  Southern Shore of Fig.14 Map of t he  Southern Polar 
the  Continents of Mars and the  Polar Region of Mars 

Cap
Symbols correspond t o  d i f f e r e n t  values 

of  A, (see Table 1) 

boundary, according t o  the  bas ic  concept of t he  method of invest igat ion,  i s  t h a t  
it represents t he  l i n e  of  t h e  grea tes t  gradient of photographic density on /116
the  image of Mars. We took points  every 18 i n  longitude and recorded from the  
map the  values of l a t i t u d e ,  which then were entered i n t o  the  catalogue. Where 
t h e  l a t i t u d e  changed slowly, the  poin ts  were taken l e s s  frequently,  f o r  example, 
Thyle I and the  southern polar  cap. Where there  were evident project ions o r  
depressions on the  edge o f  a given d e t a i l ,  these places were also fixed, f o r  
example, Ausonia p = -48 ,  h = 266'; northern shore of the  seas: Aurorae Sinus 
B = 8 ,  A = 59, Laestrygonum Sinus, and others. 

Thus, we have the out l ines  of six continents: Ausonia, Eridania, E lec t r i s ,  
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Phaethontis, Thyle I, Thyle 111; the  ou t l ines  of t h e  southem polar  cap, incom
p l e t e  out l ines  of Hellas, and an unident i f ied continent and t h e  northern shore 
of  t h e  seas over i t s  e n t i r e  extent ;  th ree  gulfs: Xanthus, Scamnder, Simois, 
f o r  which the  coordinates of t he  beginning and end are given; three bays: 
Aurorae, Laestrygonum, and Ciinmerium, and 21 canals (Table 3 ) .  
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VISUAL 03SEXVATIOFJS OF MARS IM 1958 /117 

N .P .Perevertun 

The numerous attempts by many s c i e n t i s t s  t o  de t ec t ,  by spectrophotometric 
means, the  presence of absorption bands of chlorophyll i n  t he  v i s i b l e  spectrum 
region and the Wood e f f e c t  i n  a l i g h t  flux re f lec ted  by t h e  ??seas?*of Mars 
where vegetation i s  presumed t o  exist, a l l  were unsuccessful. Therefore, t he  
only d i r e c t  proor" of t he  exis tence of p l an t  l i f e  on Mars so f a r  i s  const i tuted 
by the  seasonal changes i n  t h e  color  of t he  ??maria?',oases,  and canals,  as they 
have beer. noted by mary inves t iga to r s  of this mysterious p lane t  on v i sua l  ob
servation. However, v i sua l  observations are prone t o  subjec t ive  e r r o r s  wEch 
a t  times (when the  observer i s  inexperienced or has preconceived ideas ,  e t c . )  
make the  r e s u l t s  worthless even i f  t h e  observer himself i s  qual i f ied .  Never
the less ,  it i s  an unfortunate f a c t  t h a t  t he  solut ion of a l l  problems by object ive 
metk,oda of inves t iga t ion ,  such as polarimetry, photography i n  various spectrum 
regions, electrophotometry, and spectrophotometry i s  q u i t e  impossible; therefore ,  
d i r e c t  observations o f  Mars w i l l  r e t a i n  t h e i r  importance even i n  the  future .  
The d i s t i n c t  advantage o f  v i sua l  observations,  espec ia l ly  f o r  studying mirate 
d e t a i l s ,  s t i l l  i s  and v n l l  r e m i n  obvious u n t i l  photcgraphing w i t h  very shor t  
exposure times, permit t ing full use of the  resolving power o f  ex i s t ing  ins t ru
ments, becomes possible  over a broad area. Even then, v i sua l  observations and 
drawings ~ 1 1be o f  g rea t  i n t e r e s t  from t h e  viewpoint of es tab l i sh ing  the  in t e r 
r e l a t ions  of reproducible d e t a i l s  i n  photography. 

However, one should not overestimate t h e  accuracy of photographic, e lectro
photographic, and spectrophotometric recordings s ince t h e  photosensit ive layer ,  
j u s t  a s  the  hunan e;re, i s  subject  t o  complex systematic e r r o r s  which play a de
c i s ive  ro l e  when deal ing w i t h  minute d e t a i l s  of t he  image. The main drawback of 
electrophotornetric observations l i e s  i n  the  low threshold of  cont ras t  s e n s i t i v i t y  
i n  the  presence o f  a b r igh t  background as it i s  always involved i n  observations 
o f  planets ,  w.d i n  p a r t i c u l a r  of Mars, s ince the  rad ia t ion  pickup generates a 
currer,t proportior.al t o  t h e  incident  l i g h t  f l u x  regardless  of t he  source of such 
radiation. ( s c a t t e r i n ?  of t he  rad ia t ion  flux i n  t he  instrument or of t h e  back
ground o f  the  photometering surface).  It i s  a l so  impossible t o  a s s e r t  t h a t  only 
the  descr tp t ive  or q u a l i t a t i v e  p a r t  of t h e  inves t iga t ions  will per t a in  t o  t h e  
v isua l  observations. Allowing f o r  t h e  ob-jective and subject ive e r r o r s  of v i sua l  
observations,  t he  l a t t e r  may contr ibute  g rea t ly  i n  solving var ious problems /118
of aeropkysics. The human eye i s  a n  extremely sens i t i ve  physical  instrument 
provided one knows how t o  use it. For example, t h e  human eye i s  ab le  t o  per
ceive a br ightness  d i f fe rence  of individual  d e t a i l s  a t  a cont ras t  of 0.02, 
whereas such cont ras t  l i e s  a t  the  l i m i t  of s e n s i t i v i t y  i n  t h e  electrometr ic  
method. Therefore, t he  v i sua l  method of observation of p l ane t s  mst not be re-
Jected s inply  because it has recent ly  become popular t o  r e s o r t  t o  ??impersonal?' 
apparatus; ra ther ,  t he re  i s  need f o r  i t s  f u r t h e r  development. During i t s  e n t i r e  
h i s tory ,  v i sua l  observation of p l ane t s  has never been improved, which g rea t ly  
inh ib i ted  f u r t h e r  deveiopment of this method. The use of modern physical i n s t m 
rnents a d  methods of v i sua l  photometry for visua l  observations of p l ane t s  mag 
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subs t an t i a l ly  modify t h e  accuracy of v i s u a l  observations and t h e  f i e l d  of appli
cat ion of t he  human eye as a physical  instrument. The development of  t he  v i sua l  
photometer, making use of modern methods of colorimetry, holds grea t  promise i n  
this respect. 

Visual observations of Mars were car r ied  out  a t  t h e  Astrobotany Sector  from 
October 1, 1958 t o  December 5, 1959,using an AZT-7 r e f l e c t o r  a t  a m p i f i c a t i o n  
of 270 and 400. I n  a l l ,  a t o t a l  of 110 drawings of Mars with red, yellow, 
green, azure, blue,  and color-contrast f i l ters ,  as w e l l  as without f i l ters ,  
were prepared. Simultaneously with t h e  drawings of all v i s i b l e  d e t a i l s  of t he  
Martian’disk, a l l  noted atmospheric and l i g h t  phenomena were recorded i n  de
ta i l .  A v i sua l  estimate ~f the  br ightness  T of ind iv idua l  d e t a i l s ,  as they 
moved across t h e  d isk  of t he  planet ,  was made on a 10-point sca le  during days 
of pe r s i s t en t  images and good v i s i b i l i t y  of t h e  Martian formations. These da ta  
w i l l  l a te r  make it poss ib le  t o  determine t h e  br ightness  values  9 of individual  
a r eas  of Mars, depending on t h e i r  dis tance 6 from the  center  of t he  disk. The 
values of  B and 6 are in t e r r e l a t ed  by t h e  following r a t h e r  simple formula: 

where B O  i s  the  i n t r i n s i c  br ightness  of  t h e  surface area of Mars and 81 i s  t h e  
br ightness  of t he  Martian atmosphere. 

On t h e  o the r  hand, t h e  following r e l a t i o n  exists between B and T: 

p 10-0.125 (T-2) J (2  1 
o r  T = 2 - 8 l o g  6 .  Using eqs.(l) and (2)  t h e  value of B1 i s  e a s i l y  determined 
from t h e  values of T, from which, in turn, t h e  atmospheric pressure and i t s  
dens i ty  and atmospheric thickness  can be  determined. 

During the  period of t h i s  opposit ion of  Mars, an attempt was  a l s o  made a t  
an object ive estimate of t h e  possible  existence of green and azure co lors  of t h e  
individual  ftseastro f  Mars and i t s  polar  caps. For this purpose, a simple design 
of  a v i sua l  photometer was  worked out. I ts  bas i c  p a r t  i s  a Lu”er-3rodhun cube; 
i n t o  t h e  cent ra l  p a r t  of i t s  f i e l d ,  t he  image of  t h e  Martian d isk  i s  re f lec ted  
by an addi t iona l  o p t i c a l  system, while t h e  per iphera l  p a r t  of t h e  f i e l d  of t he  
photometer i s  illuminated by a bulb through a set of s u i t a b l e  filters. The 
f i l t e r s  a re  changed by ro t a t ing  t h e  d i s k  with an automatic catch. The bulb i s  
powered by a b a t t e r y  and monitored by a wattmeter. The br ightness  of t h e  per i 
pheral  f i e l d  of v i e w  of t h e  photometer i s  varied by moving t h e  l i g h t  source 
e i t h e r  c loser  o r  f a r t h e r  away from t h e  Lummer-Brodhun cube. A t h i n  sheet of 
opal g l a s s  o r  groundglass i s  placed i n  f ron t  of t h e  bulb t o  eliminate fulgura
t ion.  Sca t te r ing  ins ide  the  tubes of t h e  photometer i s  eliminated by i n s t a l l i n g  
diaphragms i n  conical arrangement, with t h e  apex facing t h e  cube. /119 

A prototype instrument was t e s t ed  and showed good results. We used it suc
cess fu l ly  t o  estimate t h e  color  of  Solis Lacus, Mare Sirenum, and Mare Cimmerium. 
We found t h a t  Solis Lacus has a dark-yellow color, Mare Sirenum a v i o l e t  color, 
and Mare Cimmerium a yellow color. 
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Polar Caps 

The polar  caps were recorded very poorly during t h i s  opposition. The south 
polar  cap i n  October and i n  the first f e w  days of November was  seldom recorded 
a s  a point. Its br ightness  w a s  g rea t e s t  through green and yellow f i l ters ,  
whereas through a red f i l t e r  it was completely l o s t  and could not be detected.  
The north polar  cap, during t h e  first days of October, was c l ea r ly  seen as a 
narrow segment extending along t h e  terminator. Its color ,  without f i l t e r ,  was 
l i g h t  azure. On October 6, t h e  north po la r  cap was poorly recorded, and after 
October 7 it disappeared e n t i r e l y  and w a s  not observed thereaf te r .  The g rea t e s t  
br ightness  of t h e  north polar  cap, when it was recorded, w a s  a l s o  located i n  t h e  
green, yellow, ar.d sometimes, in t h e  azure region. After November 12, a th i ck  
haze appeared on Mars i n  the  region of t h e  south and north polar  caps which 
covered both near-polar regions, and a f t e r  November 16 not  a s ingle  d e t a i l  could 
be seen i n  t h e  po la r  regions through any f i l t e r ;  even t h e  polar  regions them
se lves  were not de tec tab le  without f i l t e r s .  This phenomenon ind ica t e s  t h e  ex
tremely grea t  variabi1it;r of the  Martian atmosphere and i t s  t u r b i d i t y  produced 
by aerosols. This state of  t h e  Martian atmosphere i n  the  near-polar regions 
pers i s ted  u n t i l  the  end of November. 

Dark Regior,s 

The iol low5ng dark regions of Mars were c l ea r ly  seen i n  October and the  
f i r s t  p a r t  of f;ovember: Mare Sirenwn, Fare Cimmerium, Solis Lacus, Sinus Auro
rae,  Sinus Sabaeus, S:irtis Ma.ior, Sinus Aonius, Mare Chroniun, Mare ESythraeum. 

The contrast  of t h e  dark regions with the  cont inents  i n  the  v i s i b l e ,  es
peciall:; i n  the  green, s p e c t r m  region w a s  always considerably lower than i n  
the  red region; a s  t he  d e t a i l s  moved toward the  limb, t h e  cont ras t  i n  t h e  red 
spectrum decreased appreciablv more slowly than i n  the  green. I n t h i s  case, t he  
"seas??so t o  speak contracted through a red f i l t e r  and t h e i r  cont ras t  with the  
continents increased. Furthermore, i n  green rays the  cen t r a l  p a r t  of t h e  rtseastr 
was darker t h a n  t he  periphery, whereas i n  yellow rays,  t h e  cen t r a l  p a r t  w a s  ap
preciably l i g h t e r  than - the i r  edges. It w a s  also noted t h a t  the  dark regions,  
f o r  e-xample, S y r t i s  Kajor, S o l i s  Lacus, and others ,  a r e  not continuous forma
tions but have a mosaic s t r cc tu re  consis t ing of individual  small spots. 

In  t h e  second half of November, v i s i b i l i t y  de te r iora ted  a l so  i n  t h e  equa
t o r i a l  regior.. The dark regions w e r e  recorded f a i n t l y  through a l l  f i l ters .  
A f t e r  November 26, t h e  transparency of t h e  Martian atmosphere again improved, 
although the  near-polar regions remained as usual  i n  a haze. 

The color  o f  t h e  rtseasrt i n  October w a s  mainly greenish azure, whereas i n  
November it began t o  pa le  and change t o  dark-gray with a light-yellow hue. 

L i g h t  Regions /120 

O f  t he  l i g h t  regions we could c l e a r l y  see Ausonia, Deucalionis Regio, 
Pyrchae Regio, Hellas, and others.  On t h e  night  of  November 8 - 9, a l i g h t  spot 
was  noted i n  t h e  region of t h e  north pole of Mars which exceeded i n  br ightness  
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t h e  brightness of t he  region of t h e  po la r  cap i t s e l f .  
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CHANGES I N  THE COLOR OF t.IARS BASED ON PHOTOELECTRIC /121 
OBSERVATIONS OF 1958 

K.I.Kozlova and Yu.V.Glagolevskiy 

Determination of t he  color  of p lane t  surfaces i s  an important problem in 
astronow-, since t h e  color  of var ious formations on t h e  surface of a given 
p lane t  i s  one of t h e  c h a r a c t e r i s t i c s  determining t h e  nature  and proper t ies  of 
t h e  rocks comprising it. A s ing le  color  cha rac t e r i s t i c ,  of course, i s  in su f f i 
c i en t  t o  solve such an important problem; therefore ,  it i s  necessary, besides  
determining the  co lor  of t h e  p lane t  (determination of t h e  color  excess, color  
indices ,  and color  temperature), t o  i nves t iga t e  a l s o  t h e  l a w  of l i g h t  re f lec
t ion ,  albedo of t h e  surface,  energy d i s t r i b u t i o n  in t h e  spectrum, polar iza t ion ,  
change i n  temperature, etc.  

TABLE 1 

CALDiDAR OF MARTIAN OBSEHVATIONS 

.. ~ 

Date Sidereal  
(October )  1958 Time 

14/15 	 Ohr 54min 
1 54 

16717 1 00 
1 35 
0 21 
0 46 

23'24 I 12 

During the  1958 opposition, Mars w a s  observed through t h e  AZT-7 telescope 
by means of  t he  AFM-3 electrophotometer a t  an equivalent focus of 10 m (Table 1). 
The electrophotometer was described by u s  e a r l i e r  (Bibl.3). The maximal l i n e a r  
dimension of  Mars on t h e  AZT-7 te lescope w a s  on ly  0.925 mm; therefore ,  t h e  en
t i re  d i sk  of t h e  p lane t  was photometered as a whole through two o p t i c a l  f i l ters ,  
blue and yellow. The slit of t h e  electrophotometer was  es tabl ished on t h e  
planet  d i sk  as shown in Fig.1. The s y s t e m  of telescope, f i l t e rs ,  and photo
mul t ip l i e r  yielded A,,, = 420 and 535 m y ,  respectively.  Judging by t h e  e f f ec t ive  
wavelengths, our color  system somewhat d i f fe red  from t h e  In te rna t iona l  System 
(A,,, = 41c0 and 553 m p ) ,  bu t  t h i s  d i f fe rence  i s  negl igible .  The comparison star 
w a s  a Aurigae (Go) ,  which w a s  photometered through t h e  same color  f i l ters .  
Mars was  photometered w i t h  a sl i t  of 0.25 mm, according t o  t h e  scheme: star -/l22 

Mars - star - Mars - star. The comparison star and Mars w e r e  measured 10 times 
through each f i l t e r ,  after which t h e  average value was taken. During t h e  night ,  
several  s e r i e s  of observations of Mars and CY Aurigae were  made, over  a t o t a l  
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time of  about two hours. During the  observations, Mars and the  comparison s t a r  
were  a t  near zenith distances;  t h e  difference i n  z was  0.5 - Z? and on ly  on 
Eu'ovember 27 - 28 w a s  it 7 .  When processing the  observations, both Mars and 
the comparison star were reduced t o  1zeni th  distance.  

Fig.1 Diagram o f  t he  Posi t ion of t he  ELectrophotometer 
S l i t  on the  Disk of the  Planet Nars 

1 - S l i t  of  electrophotometer; 2 - Diaphragm of  electro
photometer 

The color excess (CE) of  Mars i n  comparison w i t h  CY Aurigae w a s  determined 
for each in s t an t  of observation by the  conventional formula 

where INand & a re  the  brightnesses of Mars and CY Aurigae, respectively. The 
average value was taken from a l l  the  color excesses calculated for each night. 

TABLE 2 

PHOTOELECTRIC COLOR EXCESSES OF MARS WITH RESPECT TO 
ct AURIGAE, DURING "HE 1958 OPPOSITION 

14/15 ~ O m . 6 6  -+om ,02 +0"',56 t O m , I O  

16/17 +Om,61 -+ o m . 0 1  	 2012I I -t O m . 4 6  +Om,024/5 
23/24 +Om,538 tOm,007 27/28 1 +Um,49 -+Om,02 

The data  i n  Table 2 and Fig.2,A show tha t ,  during t h e  period of  our observations, 
t he  CE of Mars changed; they decreased as Mars approached t h e  da t e  of  opposition 
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(IJovemSer 16 )  and increased again after t h e  opposition. 

The color index of Hars (CI ,  ) was  determined as 

where C I ,  i s  the  color  index of CY Aurigae according t o  t h e  da ta  i n  the  litera
tu re ,  equal t o  +0%2. 

L e t  u s  compare the  change i n  t h e  found color ind ices  of Mars r e l a t i v e  t o  
t h e  phase angle ( i ) ,  based on the  r e s u l t s  of  our observations of 1956 (Bibl.3) 

I I 

Fig.2 A - Change i n  Color Ekcess (CE) of Mars during 
the  Observation Period from October 1.L t o  November 27, 
195s. B - Comparison of t he  Change of t he  Color Indices  

of Mars (C) as a Function of t h e  Phase Angle ( i )  of 
t h e  P lane t ,  Based on Observations of 1956 and 1958 

and 1958. According t o  Fig,2,5, a ce r t a in  dependence of t h e  co lor  of Mars on /123 
i t s  phase i s  noted: t h e  color  index increases  with an increase  i n  phase angle. 
The curves f o r  t h e  va r i a t ion  i n  t h e  color  ind ices  of Mars with t h e  phase d i f f e r  
markedly. The curve of 1956 i s  more convex and l i e s  higher. This i s  due t o  
t h e  f a c t  t ha t ,  a t  t h e  opposit ion of 1956, t h e  atmosphere of  t h e  p lane t  w a s  ex
tremely opaque, with rapid f luc tua t ions  i n  t h i s  tu rb id i ty .  A s  Mars moved from 
t h e  opposit ion toward i = 3 8  (Fig.2), i t s  color  index increased by Of27 i n  1956 
(Bib1.1, 3 )  and by 0:fO i n  1958. Vaucouleurs (Bib'f..2) g' I a change in t h e  
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color  index of Nars from t h e  opposition t o  t h e  quadrature equal t o  Gz20 ( i  = 
= LYP: 

Posi t ion  of Ears 
i n  o r b i t  Oppos it i o n  Quadrature 

A t  aphelion +1".0 +1:50 
A t  per ihe l ion  +1: 45 +1:65 

According t o  t h e  da t a  by Vaucouleurs (Bibl.2), t h e  d i f fe rence  i n  t h e  color  
indices  of Mars when t h e  planet  i s  a t  aphelion and a t  per ihe l ion  i s  0 3 5 ,  both 
a t  opposition and a t  quadrature. Apparently, t h i s  i s  due t o  the  d i f f e r e n t  
seasons on Mars. The change i n  the  color  of Mars from opposit ion t o  quadrature 
by Or20 i s  probably caused by the  cha rac t e r i s t i c s  of t he  Martian atmosphere. 

According t o  our  da ta  and those by Vaucouleurs, t h e  color index of Mars 
changes with time, and Mars appears '+dderT1 when it i s  f a r  from opposition. 
The data  of o ther  observers (Bib1.6, 7 )  do not confirm t h i s .  

Another c h a r a c t e r i s t i c  of t h e  planet  i s  the  color  temperature T, which i s  
purely a color  Charac te r i s t ic  of t h e  l i g h t  f l u x  and i s  i n  no my associated /124
with t h e  ac tua l  temperature of t h e  r e f l ec t ing  surface of the  planet.  To calcu
l a t e  t h e  color temperature on the  b a s i s  of t h e  color  index (C , )  we used t h e  
conventional formula 

T - 7200 
- C,+0.64 ' 

The T, of Mars was calculated f o r  each day of observation and had t h e  f o l l o d n g  
values: October 1L - 15, 3396'. 16 - 17 3L78 ; 23 - 2L, 3629 ; November lL- 5, 
3564' ; 20 - 21, 3758 ; and 27 - '28, 3699.  

I n  our case, t h e  d i f fe rence  between X2 and A, (535 and L20 m p )  did not  ex
ceed the  limits of t h e  v i s i b l e  spectrum region; as i s  known (Biblo@,9 ) ,  t he  
spec t ra l  curve of Mars i n  t h i s  range of wavelengths changes monotonically, so 
t h a t  our color imetr ic  cha rac t e r i s t i c s  CE, CM, and T, r e l i a b l y  express the  spec
t ra l  ref lectance of Mars a t  A = k20 - 535 mp. 

We are convinced t h a t  t he  appreciable changes of Cn and CE a re  real and 
ascr ibe  them t o  changes in t h e  atmosphere and on t h e  surface of t he  planet ,  a s  
w e l l  as t o  the  f a c t  t h a t ,  i n  observing Mars, owing t o  i t s  ro ta t ion ,  various de
tails of i t s  'surface entered t h e  s l i t  of t h e  electrophotometer. 
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C0IX)B MCE;SSFS ARD COMR INDICES OF SEKBAL CUTERS /125
ON THE MOON, BASED ON PHOTOELECTRIC PH0TOME;TRP 

K.I.Kozlova and Yu.V.Glagolevsltiy 

Photoelectr ic  observations of l u n a r  c r a t e r s  w e r e  car r ied  out  a t  Alma-kta, 
using an An<-3 electrophotometer mounted on t h e  AZT-7 telescope. The e lec t ro
photometer i s  described elsewhere (Eibl.2). 

The observations were made only a t  f u l l  moon, so as t o  minimize the  inf lu
ence of the  polar iza t ion  e f f e c t  ( R i h l . 3 ) .  The material discussed i n  t h i s  
a r t i c l e  was  accumulated over a period of twelve n ights  (Table 1);durir?g the  
other  months it was impossible t o  observe the  f u l l  moon owing t o  overcast. Tne 
bottom of 1 5  lunar c r a t e r s  were photometered, and t h e  bottom of the  c r a t e r  
Kanilius was  used as the  reference region. 

CALENDAR OF OBSERVATIONS 

Date of Observation 

1958 
May 1/2 
August 31 
September 26/27 

11 28/29 
October 26/27 
November 27/21: 
Deceniber 25/26 

1959 

February 21+/25 
?? 25/26 

March 25/26 
September 15/16 
November 16/17 

Evaluation ol” the  
Observation night  

Sa t i s f ac to ry  
Good 

Satisfac toq . ~  

?? 

Good 
Sa t i s f ac to ry  

?? 

?I 

I? 

?? 

?I 

?I 

Photometry was car r ied  out  i n  yellow and blue l i g h t .  The system t e l e 
scope - f i l t e rs  - spec t r a l  s e n s i t i v i t y  of  t h e  photomultiplier yielded L20 and 
535 mw. The op t i ca l  f i l t e r s  were checked f o r  transmission by means of  the  SF-L 
spectrophotometer. I n  order  t o  def ine t h e  t ransmiss iv i ty  of t ne  e n t i r e  system, 
it was necessary t o  inves t iga t e  a l l  surfaces  i n  t h e  l i g h t  path: meniscus, mirror,  
small r e f l e c t o r  w i t h  an aperture  def ining t h e  photometered port ions,  and a Fabry 
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l ens .  The Fabry l e n s  and t h e  op t i ca l  f i l t e r s  were  checked on the  spectrophoto
meter; as expected, t h e i r  absorp t iv i ty  was too small and remained p rac t i ca l ly  
without influence on lef . 

% .  i i . . . , . . . . . 7.- I .--.. . . ~ . 1 7 - 7  

60 
30 
u l 
30 . 
20 . 

350 Lao 4511 

Fig.1 Spec t ra l  S e n s i t i v i t y  Curves f o r  t h e  Photometric 
System of t h e  Electrophotometer 

Nhen inves t iga t ing  t h e  trafmnission o f  t he  telescope (meniscus + mirror )  
the  l a t t e r  w a s  d i rec ted  a t  t h e  zeni th  and t h e  spectrum of the  sky was photo
graphed when the  sky w a s  cloudless. Then, t h e  spectrum of t h e  sky w a s  photo
graphed a t  the  zeni th  through d i f f e r e n t  diaphragms, using t h e  same spectrograph 
without a telescope. After  t h e  usual  processing, we obtained t h e  transmission 
coef f ic ien ts .  The spec t r a l  s e n s i t i v i t y  curves f o r  our e n t i r e  s y s t e m  are shown 
i n  Fig.1. The quant i ty  h a f f  was defined as t h e  center  of gravi ty  of t h e  a reas  
under these curves. Fi,gure 2 shows t h e  diagrams of a l l  t h e  invest igated c r a t e r s  
and t h e  main surrounding d e t a i l s .  The measured c r a t e r s  are out l ined by a heavy 
l i n e ,  and the  number i n  t h e  upper right-hand corner i nd ica t e s  t he  commonly /126 
accepted number of t h e  c ra te r .  The hatched c i r c l e  represents  t h e  sec tor  defined 
by the  hole i n  the  mirror during photometering. The diameter of t he  hole, de
f in ing  the  photometered areas, was equal t o  approximately 3/L, of t h e  diameter 
of Manilius. 

A l l  the  c r a t e r s  i n  the  reference region were photometered 1 0  times through 
each f i l t e r .  After  each invest igated c r a t e r  we immediately photometered t h e  
referer,ce region. During t h e  n ight ,  each c r a t e r  and t h e  reference region were 
measured several  times. Photometering was carr ied 0u.t according t o  the  follow
ing  time scheme: reference - first c r a t e r  - reference - second c r a t e r  - ... -
l a s t  c r a t e r  - reference. To obtain one "complete observation'' according t o  the  
scheme, took on t h e  average about 6 min. If now t h e  curve f o r  t h e  time rate of 
change i n  br ightness  of t h e  reference c r a t e r  (Manilius) i s  p lo t ted ,  readings can 
be taken f o r  t he  i n s t a n t s  a t  which t h e  studied c r a t e r  was  photometered. This 
method el iminates  many e r r o r s  produced by va r i a t ions  i n  t h e  s e n s i t i v i t y  of  /127
t h e  photometer, by changes i n  t h e  transparency of t h e  atmosphere, etc.  

Before the  observations,  t h e  ampl i f ie r  and t h e  photomultiplier were placed 
f o r  several  hours i n  a dry warm room for drying, t h e  desiccant  w a s  changed each 
time i n  the  photomultiplier unit ,  and t h e  electrophotometer was  switched on 
1.5 - 2 h r s  before  work. These measures subs t an t i a l ly  increased t h e  operat ional  
r e l i a b i l i t y  of t h e  photometer. Furthermore, t h e  high vol tage across  t h e  photo
mul t ip l i e r  was  reduced t o  t h e  mini" a t  which t h e  sensit ivity w a s  s t i l l  su f f i 
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'53, 

Fig.2 Diagrams of  t h e  Posi t ion of t h e  Mirror Diaphragm 
of t h e  Electrophotometer (Hatched Area) a t  the  

Bottom of t h e  Photometered Craters  

c ient .  To obtain an even g rea t e r  operat ional  r e l i a b i l i t y  of t he  photometer, 
beginning i n  1959 t h e  photomultipliers were powered by 65-Ams-1.3 I1 pla te -
filament batteries connected i n  series and producing a voltage up t o  1100 vol t s .  
The high-voltage regula tor  ins ide  the  electrophotometer w a s  disconnected t o  
prevent a direct-current  voltage during voltage f luc tua t ions  of the  c i r c u i t ,  

We photometered 15  lunar c ra t e r s ;  t he  observation of a l a rge  number of 
l una r  ob jec ts  was l imi ted  by t h e  method of observation, which precluded the  
p o s s i b i l i t y  of simultaneous observation of more than one de ta i l .  This i s  a 
major shortcoming of t h e  photoelectr ic  method i n  the  sense of t he  excessive 
time required f o r  obtaining mass observational material. 

For each photometered c r a t e r ,  we determined t h e  color excess (CE) with 
respect t o  the  reference c r a t e r  Manilius. The CE w a s  determined by t h e  known 
formula 


I O mCE = - 'L 5 ilog- . - - - l o g A )
Pi,, , (11'420 

where Lz0, hS5,ez0,zs5a r e  t h e  br ightnesses  of  t h e  invest igated and re fer 
ence c ra t e r s ,  respectively.  The color  excesses were determined as the  arithme
t i c  means of a l l  zeasuwments (n) ;  see Table 2. 

To obtain t h e  color  ind ices  ( C I )  o f  t h e  invest igated c r a t e r s  we must know 
CIo of t h e  reference c r a t e r  Manilius. To determine C I o  of Manilius, we t i e d  i n  
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t he  reference c r a t e r  t o  $he s t a r a  Aurigae w i t h  a known color index (C13B = /128 
= +Of82). F i r s t ,  we determined t h e  -color excess (CE) of Manilius w i t h  respect  

TABLE 2 

PHOTOELECTRIC COLOR EXCEsS(CE)AT THE BOTTOM OF 

LUNAR CRATERS I N  RELATION TO VANILIUS, 


DURING THE WLL MOOK 


NO. i n  I cE l 'A nCrwter ICwt wlognes-
Cope mi cu 147 -0.013 LO ,002 4 0  
PI .to 210 -+0.037 -+O.007 40 
P l i n i u w  165 -0,040 -+0,009 30 
Kepl er  146 $0.023 -+0,008 30 

+ f i , 0 0 G  20Tycho 30 +0,002 -

Menel wu. 166 - 0,042 -+0.020 20 

Ari wtwrchu 176 -0.044 -+0,005 40 

Archimedew 191 0,000 IO 

Herodo t u s  17s -0,024 -+0,010 30 

Lnnbert I93 -0,133 -+0,035 30 

Mwriuw 171 +o,o 9 -+c ,002 30 

M wcrobiua 182 +0.018 -+0,032 10 

P r o c l o  s 162 +0,040 -+0.022 IO 

F l m s t e e d  126 -0,089 -+0,020 30 


TABLE 3 

PHOTOELECTRIC COLOR I N D I C E S  ( G I )  AT THE 
BOTTOM OF LUNAR CRATERS 

G p e m i c u s  +0,837 
PI s t 0  +0,887 
P l i n i u s  +0,810 
Kepl er +O, 873 
Tycho +0.852 
Menel wuw +0.808 
Ari wtarchuw +O,806 
Arch i m edes ,+0,850 
Hero do t u  s +0,826 
Lambert +0,717 
Mwrius +0.841 
Mwcrobiu w +0.868 
P r o c l u  s +0.890 
R am wteed +0,761 

t o  CY Aurigae, taking i n t o  account t h e  s e l e c t i v i t y  of t h e  mirror diaphragm of the  
electrophotometer. T h i s  proved t o  be equal t o  CEO = +0:026 + 0:OCB. Then we 
determined the  color  index of Manilius as 



C I o  proved t o  be equal t o  0: 8L6. The color  ind ices  of t h e  invest igated lunar  
c r a t e r s  were obtained as t h e  sum of t h e  color  index of t h e  reference region and 
the  co lor  excess (CE) of t h e  lunar  objects :  

C/= C/o + CE ( 3 )  

During photometering we endeavored t o  obta in  results with the  maximal accu
racy which our electrophotometer could give. The i n t r i n s i c  accuracy of t he  ob
servations can be Judged by t h e  root-mean square e r r o r  of t h e  ar i thmetic  mean 
o r  t he  standard deviat ion (a)which was calculated f o r  each series of observa
t ions  through each o p t i c a l  f i l t e r  f o r  a l l  observed c r a t e r s  of t he  lunar  surface. 
The standard deviat ion w a s  determined by the  formula 

where 8 i s  t h e  deviat ion from t h e  a r i thmet ic  mean and n i s  the  number of measure
ments. 

The color  excess w a s  obtained a s  t h e  a r i thmet ic  mean from t h e  r e s u l t s  of a 
s e r i e s  of measurements whose number ( n )  i s  shown i n  Table 2. For each color  
excess o f  t h e  c r a t e r  with respect  t o  Manilius, we calculated t h e  probable e r r o r  
of t he  a r i thmet ic  mean (r, ) (Bibl.5) which w a s  defined as 

where cr i s  the  standard deviation. 

Ne see from t h e  da ta  of Table 2 t h a t  t he  probable e r r o r  of t he  r e s u l t s  
does not exceed i O 7 O 2 O .  The signs of  CE were ce r t a in  even f o r  t h e  c r a t e r s  
Tycho and Piacrobius f o r  which the  probable e r r o r  was g rea t e r  than the  value 
i tself .  

We can see from t h e  da ta  of Tables 2 and 3 t h a t  t he re  i s  no grea t  d i f f e r 
ence i n  the  color  of t h e  invest igated craters .  The results of t h e  invest igat ion 
can be reduced t o  the  following: F i r s t ,  there  a r e  small d i f fe rences  i n  the  
color  of t h e  invest igated c ra t e r s ;  second, t h e  normal photoe lec t r ic  color  in
d i ces  of t h e  c r a t e r s  vary within the  limits o f  +Of717 t o  +0?890, i .e. , t h e  
amplitude amounts t o  only +0:173; t h i r d ,  t h e  average color  index f o r  t h e  1L 
c r a t e r s  with respect  t o  Manilius i s  +0:830, which agrees  w e l l  w i t h  the  da ta  by 
o ther  authors (Bibl.3 and L). 
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SPECTROPIIOTOMETRY OF THE LUNAR SURFACE 

PART 11: CATALOGUE OF THE COLOR INDICES OF LUNAR OBJEZTS 

V.G.Teyfelf  

B y  using t h e  data on t h e  lunar surface regions,  obtained with a high s l i t  
of  t h e  spectrogram, f o r  spectrophotometering individual  areas of t h e  moon, i t  i s  
possible t o  obtain estimates of t h e  co lor  of numerous small d e t a i l s  for which 
it i s  d i f f i c u l t  t o  p l o t  t h e  spec t r a l  curves. I n  t h i s  paper, t h e  technique and 
results o f  determining the  color i nd ices  of 262 small areas of  t h e  luna r  surface 
are given. 

Observation Technique and Analysis 

The minimal dimensions of  an area of  t h e  l u n a r  surface f o r  which we can 
obtain a br ightness  d i s t r i b u t i o n  curve over t h e  e n t i r e  spectrum a r e  determiped 
by the  sca le  of t he  l u n a r  image produced on  t h e  photographic p l a t e  by t h e  opt i 
c a l  system of t h e  instrument. When photographing spectra with a high s l i t  (for 
brevity,  we w i l l  c a l l  these  %road spectra") with t h e  AZT-7 r e f l e c t i n g  telescope, 
t h e  image of t he  moon a t  t h e  p r inc ipa l  focus o f  t he  instrument pro,jected oRto 
the  s l i t  of t he  spectrograph has a diameter of  t h e  order  of 1P - 19 mm. Corre
spondingly, t h e  width of t h e  spectrum obtained with a high s l i t  i s  L mm. The 
smallest l i n e a r  dimensions of  an object  whose spectrum car- be measured along 
the  dispers ion on a microphotometer are about lcG - 50 Em. However, a t  t h i s  
image sca le  it i s  b e s t  t o  avoid measurements o f  ob jec t s  of even such dimensions. 
To measure t h e  spectrum o f  a mall  objec t  along t h e  dispers ion on a microphoto
meter i t  i s  necessary t o  use a very low height of t he  receiving s l i t  of  the  
photocell, which inev i t ab ly  l eads  t o  loss of  a port ion of  t h e  l i g h t  s t r i k i n g  the  
photocell and a l s o  i n t e n s i f i e s  t h e  e f f e c t  of  t h e  graininess  o f  t h e  photographic 
image on t h e  accuracy o f  t r ac ing  a continuous spectrum. Furthermore, s m a l l  ob
j e c t s  frequently have an uneven image density,  decreasing toward t h e  edges of 
the object. I n  b r i g h t  ob jec ts ,  t h i s  e f f e c t  might d i s t o r t  t h e  values on the  
t r a c e s  of t he  galvanometer de f l ec t ions  i n  various spectrum portions. Therefore, 
t o  measure spec t ra  along the  dispers ion it i.s necessary t o  s e l e c t  only suf f i 
c i en t ly  l a r g e  ( a t  a given image sca l e )  areas o f  t h e  investigated l u n a r  region. 

A t  the  s a m e  time, i t  i s  of considerable i n t e r e s t  t o  obtain the  color char
a c t e r i s t i c s  of s m a l l  detai ls ,  which are e spec ia l ly  numerous i n  t h e  zone of  t he  
lunar maria. Visually and photographically, it i s  easy t o  see t h a t  t he  lunar 
mzria, which have a general  dark hue i n  comparison with the  continents, are 
mottled by a vast  number of  i r r e g u l a r  l i g h t  patches, bands, and spots ,  t o  say 
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nothing o f  t h e  rad ian t  aureole of t he  c r a t e r s  s i t ua t ed  i n  t h e  zone of  t h e  maria. 

No doubt, t h e  s m a l l  d e t a i l s  t h a t  are distinguished by brightness nay have 
o ther  d i s s imi l a r  o p t i c a l  cha rac t e r i s t i c s ,  such as color  and polar iza t ion ,  Actu
al ly ,  on t h e  b a s i s  of co lor  photographs of t h e  moon, M.P.Rarabashov noted t h a t  
most maria have a mosaic s t ruc tu re :  reddish and greenish spots  are sca t te red  a5 
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random over the  e n t i r e  surface o f  t he  maria (Ribl.2). 

The co lor  of s m a l l  areas o f  t h e  lunar surface can be  obtained by measuring 
the  lunar spectrograrr, (a c e r t a i n  region of  i t )  across  t h e  dispers ion on t h e  
rrAcrop3otometer t r a c e  a t  c e r t a i n  wavelengths of t h e  spectrogram. The broad 
spectra. of 11 lunar regions obtained a t  t h e  Astrobotany Sector  w e r e  measured on 
the  MF-L microphotometer across  t h e  dispersion a t  areas corresponding t o  wave
lengths  of 550 and LiL3 mu. The se lec t ion  of p rec i se ly  these wavelengths was de
ternined as follorfs: F i r s t  of  a l l ,  by calculat ing t h e  br ightness  r a t i o s  of t he  
d e t a i l s  a t  h = 550 and lL!LO mw, w e  obtain t h e  normal co lor  i nd ices  cf t h e  d e t a i l s  
s lnce  the  se lec ted  wavelengths almost exactly coincide with t h e  e f f e c t i v e  wave
lengtks  used i n  t h e  in te r r ia t ions l  system of  standard co lor  indices.  Although 
the  color index does not change t h e  spec t r a l  curve s ince  [as shown by N.P.Rara
bashov (Bi’o l . l ) ]  several  d i f f e r e n t  spec t r a l  curves may correspond t o  one and t h e  
s&qe color index i n  the  case of r e f l e c t i n g  surfaces, it i s  the  only numerical 
cha rac t e r i s t i c  t h a t  car, be used for comparison with o the r  o p t i c a l  cha rac t e r i s t i c s  
o f  lur,ar objects.  I n  any case, t h e  color index as applied t o  t h e  moon i s  more 
convenient than such c h a r a c t e r i s t i c s  as t h e  co lor  temperature or spec t r a l  class. 

These wavelengths were a l s o  selected because t h e  spec t r a l  s e n s i t i v i t y  of 
the  photographic ernilsion shows the  l ea s t  change c lose  t o  these  wavelengths, as 
i s  apparent fron: the  microphotograms o f  t he  spec t ra  taken on Agfa Spektral  Rot 
k p i d  p l a t e s ,  which were i:sed i n  the  luna r  s tud ies  (Fig.1). I n  o t h e r  spectrum 
regions, especially: in t h e  red region, t h e  s e n s i t i v i t y  changes more rapidly,  and 
even a smill inaccuracy of s e t t i n g  t h e  s l i t  i n  t h e  d i r ec t ion  of t h e  dispersion 
could cause noticeable e r r o r s  i n  t h e  blackening of t h e  negative. 

In t h e  :.’ellow region ( A  = 550 mp), t h e  pos i t i on  of  t h e  microphotometer s l i t  
m s  :bed b:: a n i l l i r i e t e r o s c a l e  placed i n  f ron t  of  t h e  screen of t h e  MF-L, rela
t i v e  t o  the  1LLne Fa 5852 P . .  I n  t h e  blye region ([JL3ms) t h e  measurement w a s  
car r ied  out between the  l i n e s  Fe M,Oq !-and Lk55 A ,  where the re  were no in tense  
l i n e s  whose e f f e c t  or, t he  b1ackenir.g accuracy would d i f f e r ,  depending on t h e  
blackening density.  30 t h a t  t h e  graininess  of t h e  negative would not  produce 
snall var i a t ions  or! t h e  microphotogram, t h e  image w a s  s l i g h t l y  defocused on the  
screen. Such defocusing d id  not a f f e c t  t h e  ac tua l  degree of blackening, s ince 
the  d e t a i l s  of t h e  luna r  surface many t i m e s  exceed the  s ize  of  t h e  g ra ins  on the  
negative. 

Thus, photometric p r o f i l e s  o f  investigated regions w e r e  obtained on t h e  
microphotometer (Fig.2). It w a s  assumed t h a t ,  because of t he  negl igible  color 
cont ras t ,  t he  e r r o r s  o f  measurement inherent t o  photographic methods would be 
r a t h e r  large.  Therefore, for each region of t h e  moon, 11 - 1L.spectrograms ob
ta ined  on var ious d a t e s  w e r e  rated.  

The negatives w e r e  ca l ibra ted  by means of  a platinum echelon (on glass) .  /132 
The parameters of t h e  risers of this s t e p  wedge w e r e  determined both  in in te 
grated l i g h t  (on t h e  MF-2 microphotometer) and f o r  each wavelength (every 10 mw) 
i n  t h e  range of  A = 390 - 620 mu i n  relative units (on t h e  SF-L spectroelectro
p hotonet e r  ). 

An important problem was t h e  proper s e l ec t ion  of  t h e  l i g h t  source f o r  
ca l ib ra t ing  t h e  negatives. The gradation of  t h e  steps o f  t h e  wedge was compara
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t i v e l y  s m a l l  and encompassed only 1.110 of t h e  range of t he  i n t e n s i t y  logarithms. 
Therefore, so t h a t  t h e  spec t ra  o f  t h e  invest igated objec t  in a l l  port ions of  t h e  
spectrum would en te r  one normal exposure sca le ,  t h e  spec t r a l  br ightness  d i s t r i 
bution of  t he  l i g h t  source had t o  be close t o  t h a t  of t h e  invest igated object.  

Fig. 1 

Fig. 2 

Consequently, t h e  use of  br ight  stars of t h e  ear ly  c l a s s  f o r  ca l ib ra t ing  t h e  /133
lunar spectra was  impossible. Cal ibrat ion with respect  t o  CY Aurigae was pos
s ib l e ,  but  not a t  a l l  seasons of  t h e  year. Furthermore, v ibrz t ion  of t he  stellar 
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irrages f requent ly  c rea tes  longi tudina l  bands on t h e  spectra ,  which makes t h e  
spectrogram of the  sca le  unsuitable f o r  analysis ,  It would also be d i f f i c u l t  
LO use s w l i g h t  f o r  ca l ibra t ion ,  s ince such l i g h t  would have t o  be g rea t ly  at
tenuated, not t o  speak of t h e  unstable  weather encountered. The sky frequently 
cleared only a f t e r  sunset o r ,  conversely, t h e  next day was cloudy. 

Therefore, ca l ibra t ion  of  t h e  negatives r e l a t i v e  t o  t h e  moon i tself  proved 
most convenient. For t h i s ,  t h e  s l i t  of t h e  spectrograph was oriented along the  
d a i l y  p a r a l l e l  of  t h e  moon, so t h a t  t h e  moon, a t  stopped clock mechanism of the  
telescope, passed through t h e  e n t i r e  f i e l d  of view.  Thus, t he  br ightness  in-
homogeneities of individual  l una r  regions w e r e  averaged s imi la r ly  a t  a l l  risers 
of  t h e  echelon. Because of  t he  r e l a t i v e l y  minor d i f fe rences  i n  br ightness  on 
the  lunar  surface,  such a method of ca l ib ra t ing  t h e  i l luminat ion of t h e  sca le  
s teps  by a var iab le  l i g h t  source presumably w i l l  not not iceably d i s t o r t  t he  
characte r i  sti c  curves. 

A second important problem i n  lunar spectrophotometry i s  t h e  standardiza
t i o n  o f  t h e  spectrograms obtained, i.e., reference of t he  c h a r a c t e r i s t i c s  of 
the  lunar  ob jec ts  t o  a c e r t a i n  color imetr ic  system. The cha rac t e r i s t i c s  of 
l igh t - re f lec t ing  l e n s  systems a r e  usua l lg  re fer red  t o  the  l i g h t  cha rac t e r i s t i c s  

Fig.3 

of t h e  source i l luminat ing the  obzect. However, in t h e  inves t iga t ion  of 
planets ,  t he  star CY Aurigae whose spec t r a l  c l a s s  i s  close t o  t h a t  of  t h e  sur i s  
frequent ly  used for cor re l a t ing  t h e  spectrograms, i n  place of t h e  l i g h t  sou?.'ce 
( the  sun). Since, i n  our  case, we are deal ing not with spec t r a l  curves but  with 
l i g h t  indices ,  reference t o  t h i s  star i s  completely permissible. This g rea t ly  
f a c i l i t a t e s  t he  standardization. However, it i s  impossible t o  r e f e r  t h e  spectra  
of t h e  moon t o  the  star every s ingle  night. This would g rea t ly  complicate t h e  
observations and t h e i r  work-up. Therefore, j u s t  as was  done by N.P.Barabashov 
and A.T.Chekirda (Bibl.3), as t h e  cor re la t ion  objec t  i n  t h e  observations w e  
selected a ce r t a in  area of t he  l u n a r  surface,  whose spectrum w a s  recorded on 
each p l a t e  almost simultaneous1;y with t h e  broad spectra  of t h e  invest igated 
regions. The t i m e  required f o r  photographing f i v e  broad spectra  on one p l a t e  
was no more than 5 - 5 min;  during this t i m e ,  t h e  zeni th  d is tance  of t he  moon 
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could not cnaqge noticeably, and both the  invest igated and reference regions 
were photographed a t  i d e n t i c a l  values of a i r  masses and spec t ra l  transparency 
of the atmosphere. The reference area (Fig.3) w a s  a small region in the  Sea of  
Vapors (Mare V a p o m )  whose spectrum was measured on t h e  microphotometer along 
the dispersion i n  v i e w  of t h e  s u f f i c i e n t  extent  of the  uniformly br ight  area of 
the sea. 15easurement along t h e  dispersion, as  shown by a comparison w i t h  t rans
verse p r o f i l e s  of t h e  reference region, will not introduce e r r o r s  i n t o  the 
brightness r a t i o  a t  t h e  selected wavelengths. Since measurement of the  refer
ence region alor?g the  dispers ion i s  a l s o  required f o r  t h e  spectrophotometfic 
invest igat ions,  t h i s  reduces the  amount of subsequent work. 

?hen photographing the  spectra  of lunar  regions, a Polaroid was always /134
placed i n  the same pos i t ion  i n  f ront  of t h e  s l i t  o f  the  spectrograph so t h a t  t h e  
plane of polar izat ion of t h e  l i g h t  entering t h e  s l i t  would always be or ientated 
i d e n t i c a l l y  w i t h  respect t o  the s l i t .  In t h i s  manner, according t o  Pu.i.;.Lipski:: 
( E i b l . 6 ) ,  the  e f f e c t  of  d i f f e r e n t  polar izat ion of lunar objec ts  on the spec t ra l  
curve can be p a r t l y  eliminated. Since the spectra  were photographed mainly close 
t o  noon, when the  degree of  polar izat ion of t h e  lunar  surface i s  a t  a mini", 
polar izat ion could not have a noticeable e f f e c t  on t h e  observational data. 

The photometric p r o f i l e s  on the  t r a c e s  were arialyzed in the conventioral 
manner. O n  a l l  p r o f i l e s  of a given region, we selected 2L d e t a i l s  f o r  which 
we recorded t h e  blackenings, which were then converted t o  i n t e n s i t y  logarithms, 
by corresponding monochromztic charac te r i s t ics .  Ne calculated the differences 
of t h e  logarithms i n  blue and yellow l i g h t ,  which pertained t o  the  same d i f f e r 
ences f o r  the reference region. A s  a r e s u l t  the  color  excess of the inves t i 
gated object  w i t h  respect  t o  the  reference object  w a s  determined as 

-&ere I i s  the br ightness  of the invest igated region and i s  t h e  brightness of 
the  reference region. 

To obtain t h e  color indices  of  the  investigated d e t a i l s ,  the  color index 
of the reference region had t o  be known. For t h i s ,  the  spectra of  the reference 
region and the  star cy Aurigae were photographed simultaneously a t  t h e i r  d i f f e r 
ent  zenith dis tances ,  Such observations were carr ied out  on November 9 - lC, 
1957 and February 6 - 7, 1958. From t h e  values of t h e  differences i n  the in
t e n s i t y  logarithms a t  t h e  selected wavelengths (LLO and 550 mu), we plot ted the  
curves of t h e  dependence of these values on t h e  a i r  masses ( M ) ,  both for  the  
reference region of the  moon and f o r  cy Aurigae. From these  curves, we recorded 
the  value log  C = l og  I.+so - l o g  ISE5,f o r  M = 0. The co lor  excess of the  refer

ence region w i t h  respect  t o  CY Aurigae CEO = -2.5 l o g  CO was equal on the 
4 

average t o  -0:05 0."03. The comparatively la rge  e r r o r  i n  determining t h e  color 
excess w a s  due t o  t h e  f a c t  t h a t  t h e  moon and cy Aurigae w e r e  recorded only a t  
values of M I 2.5 (we had reason t o  suspect a change i n  t h e  coef f ic ien t  of at
mospheric transparency with time and therefore  reduced t h e  observation period). 
Thus, the  drawing of a s t r a i g h t  l i n e  on t h e  graphs became somewhat uncertain. 
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However, since t h e  co lor  index of a Aurigae i tself  i s  not known w i t h  g rea t  accu
racy, t h i s  e r r o r  cannot fundamentally change the  results of t h e  observations, 
the more so since, i n  estimates of t h e  color  index of t h e  sun w i t h  which t h e  
color ind ices  of  lunar d e t a i l s  a r e  compared, divergences up t o  0:20 and more 
a r e  found i n  the  l i t e r a t u r e .  The color  index of CY Aurigae w a s  taken as equal 
t o  +O:F2 according t o  t h e  most current  da t a  (Bibl.5). The color index of t h e  
reference region w a s  then found t o  be equal t o  +0:77. 

On the  b a s i s  of observations and measurements carr ied ou t  by the  described 
method, we compiled a catalogue of normal color ind ices  f o r  262 areas of t h e  
lunar  surface. The selenographic coordinates of  these a reas  were  determined on 
a lunar  map, which was a reduced copy of t h e  chart  by Karl Andel published i n  
1926. Figure 3 shows the  pos i t ion  of t h e  spectrograph s l i t  aga ins t  t he  back
ground of t he  lunar  surface and t h e  designations of t he  invest igated regions. 
In  the  diagram and i n  t h e  catalogue, t h e  regions are designated by the  l e t t e r s  
A, 3, C, etc.  and t h e  a reas  by ord ina l  numbers i n  each region. The omission of  
the  regions I, M, N, P i n  t h e  ca t a lome  i s  due t o  t h e  in su f f i c i en t  number of /135 
spectrograms obtained for these  regions, because of unfavorable weather condi
t ions.  The color ind ices  of t he  areas of these regions wi l l  be published some 
time i n  the future.  

Photographing of broad spectra  of t he  moon permits comparing t h e  color  of 
lunar  d e t a i l s  w i t h  tneir  brightness.  Within a given region, such a comparison 
i s  made by simp1;J comparing the  color  excesses of t he  d e t a i l s  with t h e i r  re la
t i v e  brightness.  The l a t t e r  i s  determined from the  spectra  recorded near noon 
when, according t o  the  inves t iga t ions  by N.P.Barabashov, A.V.Markov (Bibl.?), 
V.A.Pedorets (Bibl.13), and V.V.Sharonov (Bibl. l6),  a11 a reas  of t he  lunar  
surface regardless  o r  t h e i r  pos i t ion  on the  luna r  d i sk ,  reach a m a x i m a l  b r igh t 
ness corresponding t o  t h e i r  albedo. 

TABLE 1 
-. ___ 

Dmte a No. of 
N e g a t i v e  

-_.__ 

1957 

I	I -12 Sep t f 2 7 O  58-63 
5-6 Nor. -2.30 85-90 
9 - IONor. +250 91 -96 

1958 

3-4 Jan. -?EO 105-114 
4 - 5 5 ~ 1 .  -150 1IS-I20
4-5 Mar. -15' 123-1126 

Comparisons by r e l a t i v e  br ightness  of d i f f e r e n t  regions a r e  impossible, 
owing t o  d i f fe rences  in spec t r a l  dens i ty  produced by s l i g h t  deviat ions i n  ex
posure time and a l s o  by the  f a c t  t h a t  a diaphragm was used on t h e  telescope ob
j ec t ive  f o r  photographing b r ign t  mountainous regions. Therefore, we used the  
observations by L.K.Radlova (Bib1.e) who determined t h e  br ightness  coe f f i c i en t s  
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CATAIOGUE OF COIDR IrmIcEs 

Region A 

.+ 4 
A I  G n t i n e n t  -1P.O t 440.0 0m.11 m:i3 0 . m  v.91 0.171 6 

2 Magelhaena ~ l l l  -11.5 +44.5 O , l 2  0.02 0.222 0.w U.147 7 
3 Retween Magelhaena .ad 

Gocl c n i u  a - 1  I .0 +4.5.0 0.08 n.02 0 . o n  0.85 0,092 14 
4 G o c l e n i u a ,  %wall  -10.0 +45.0 0.17 D .02 0.192 0.94 11.137 10 
5 G o c l e n i u a ,  c e n t e r  - 9.01+45.5 0.01 11-02 0.022 0.78 u.092 IO 
6 G o c l c n i u a ,  N-wall  - 8.5 +46.0 0.17 D.Q2 0.189 0.94 D . 1 3 5  14 
7 Mare F o e m n d i t a t i r  - H.0 $46.0 0.06 0.02 0.007 0.83 n.089 14 
8 Mare F o e c u n d i t a t i a  - 7.0+46.S 0.09 D.02 O.U.76 0.86 0.0% 14 
9 Mare F o e c u n d i t a t i a  - 6.0+46.5  0.Q6 I J  .02 9.95.3 0.83 0.079 14 

I O  M e a s i e r - P i c k e r i n g  - 1.0 +47.0 0.06 D.02 0.0% 0.83  D.O!O 14 
I I  l . i g h t  band 0.0 t48.0 n.13 D.03 0.029 0.90 n.094 14 
12 Mare F o e c u n d i t a t i a  t 1 . 0+m.o 0.07 0.W 9 .%(' 0 .A4 0.080 14 
13 T a r u n t i u a  r a y  f 2.5 +.5u.5 0 , l O  D.O1 0.033 0.87 0.095 14 
14 Mmre F o e c u n d i t a t i a  t 3.0 J-50.5 0.04 11.02 9.!171 0.81 D.0W 14 
15 T a r u n t i u a  r a y  t 7 . 0  +51 .I) 0.09 0.412 0 . 1 1 5  0.86 11.114 14 
I f i  T a r u n t i u a  r a y  0.01 0.0'5 0.87 n. i lo 14 
17 C o n t i n e n t  0.02 0.?6? 0.91 0.161 12 
18 G n t i n e n t  n.02 0.214 0:9 0.154 12 
19 Mare Cr ia ium Sw 0.02 0.004 0.87 0.089 13 
20 Mare C r i  a i u n ,  

n e a r  P i c a r d  0.02 0.049 0.87 0.099 13 
21 Mare C r i a i u m ,  

sear c e n t e r  o.nz 0.038 14 
12 Mare Cr ia ium 0.02 0.109 14 
23 Mmre C r i a i u n  0.01 0.089 14 
21 Mare C r i a i u m  N 0.03 0.149 13 

- Region B 

No. O b j e c t  P b v l  f l  

-
2 9 I O- __- __ ~-

El Cen ao r i n u a  0.25s 10 
2 Mare T r m q u i l l i t a t i a  0.082 13 
3 Near Maskelyne  0,036 13 
4 Mare T r a n q u i l l i  t a t i a  0,07H 13 
5 Mare T r a n q u i l l i  t a t i a  0.085 I I  
6 Mare T r a n q u i l l i t a t i a  0.075 13 
7 L i g h t  b m d  0.084 13 
8 Mare T r m q u i l l i t a t i a  4- 9.0  +27 .0  0.02 0.01 OIOW 0179 0.075 12 
9 Ninbua near  J m a a e n  B 0.01 0.02 0.108 0.81 0.096 13
IO M a r e  T r a n q u i l l i  t a t i a  0.01 0.01 0.01H 0.78 0.078 13
1 1  Mare Tran qui  I 1i t a t i  a -1I3.O1+24:5 0.01 0.01 0.044 0.78 0.083 13
12 Near P l i n i u s  +14.U 4-24.0 -0.111 0.01 9.998 0.76 0,075 13 
13 P l i n i u a ,  c e n t e r  +15.5 t23.0 0.14 0.0'2 0.267 0.90 0.139 12 
14 Dark margin  of 

Mare S e r c n i t a t i a  $16.5 +22.5-0.01 0.01 9.972 0.76 0.071 13 
IS Mare S c r e n i t a t i a  0.066 0.84 0.0811 13 
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cont'd, Catalogue of Region E /137 

I 2-
16 Mare S e r c n i t a t i a  0.086 13 
17 Mare S e r e n i t a t i a  O.OY2 13 
I R  L i t b t  ray. of Beaaal . - 0.0YY 13 
19 ~a ; ;  ~ e r c n i t a t i a ,  

0.08 0.02 0.048 I 0.85 0.C84 12near center 
'A) Mare S e r e m i t a t i s  0.10 0.01 0.097 0.87 0.094 1 3  
21 Mare Seremi t a t i  a O.G8 0.02 0.01A 0.85 U.084 13 
22 Ware S e r e n i  t a t i  a 0.11 0.02 0.145 0.88 0-105 13 

fiegion C -
No.
-

C I  Between t h e  Apenniaea I I t  f 
m d  C a r p a t h i M 8  + I 40.5 - I v . o ' o m  ;oa '".03 0.12.1 Om& 

2 Ye a r E r a  t o  at  h en ea + 14.5 - 13.5 0.06 0.02 0.058 O.HO 1,.(191 12 
3 E r a t o  d hen ea, E-w d  1 + 14.5 - 1.3.0 0.06 0.01 0 .1 :~~0.83 0.106 12 
4 E r a t o s t h e n e a ,  c e n t e r  + 14.5-12.0 0.04 0.02 0.062 0.81 D.091 I3 
S E r a t o s t h e n e a ,  w- d o p e  +14.5-10.5 0.12 0.02 0.153 0.69 0.114 13 
A S i n u s  C d o r i a  + 14.s - 9.5 0.00 0.02 0.012 O , i 7  0.082 13 
7 S i n u s  C d o r i a  + 14.5 - 8 . 0  O,Ofi  0.04 0.0.71 0.83 0,086 13 
8 S i n u s  C a l o r i a  + 14.5 - 7.5 0.0.5 0.02 0.079 0.82 0.087 13 
!I Sinu. C a l o r i a  +14.5 - S,5 0.0.3 0.02 O.Y9'? 0.80 0.078 1.1 

I O  Apenninea S + l 4 .S  - 5.0 0 ,  IO 0.02 0.120 0.87 0.1% 13 
I I  Apenninea S t 14.5'- J.$ 0.06 0.02 O.nl21 O.H.3 0.cfJti 13 
12 Apennines S 14.5 - 3.5 0.06 n.02 0,084 0.88'1 0.097 13 
13 Apenninea S + 1 4 . 5  - 2 . 5  0 . 0 5  0.02 o.cnn 0.82 0.1Cl 12 
14 Apenninea S + 14.5- 2.0 0.05 0.02 0 . I l i  0.32 0.105 12 
15 Mare Vsporun E + 14.5 - 0.5 0.0,3 0.02 0.044 0.Ml 0.Oh9 12 
16 Mare V q o r u m  + 14.5 + 1.5 0.0,S 0.02 o.osi r).w 0.090 12 
17 Mare Vaporum + 1 4 . 5  + 4.0 0,OJ 0.02 0.Orw 0.81 0.0911 13 
I A  Mare V8ponm w + 14.5 + 7.0 0.04 0.02 0.1102 0.81 0.080 13 
19 M n n i l i u s ,  Erdl + 14.5  + 8.0 0,12 0.02 0.25T 0 . h 9  0.14s I 2  
20 M n n i l i n s .  L a l o p e  t 14.5 + 9.5 0,0(i 0.02 0.218 0.83 0.132 13 
21 Dark r e g i o n  + 14.5 + 11.5 0.02 9.946 '3.946 0.79 O . O i 0  12 
22 6 n  t i n  en t + 1 4 . S  +13.0 0 , O H  0.02 0.100 0.85 0.101 13 
23 Dark p a t c h  + 14.5 + 14.0 0,OS 0.02 0.041 0.82 0.088 13 
24 P'romontorimm Acbcrmaia E + 14.5 F 15.5 0,08 0.02 0.138,I 0,85 

No. O b j e c t-
I 2 
--...- . -

I - I 
D I H e r c u l e a .  8 8 ~ 1  0.1~10m;~ig0.179 IO 

2 L a c u a  M o r t i a  9.984 0.89 (2.124 I I  
3 G n t i n e n t  0.029 0.92 0.138 I I  
4 G n t i n e n t  (3.965 0.88 0.I19 
5 G n t i n e n t  0.042 0.95 0.142 
6 Lacma S o m i o r a m  9.910 0.87 0. lo5 
7 G n t i n e n t  9.988 0.94 0. I25 io 

LaCE8 & m i o m .  9.905 0.85 0,103 1 1  
G n t i n e n t  0.018 0.89 0.134 118s 
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cont'd. Catalose of Region D 

-
1-
10 6 a  t i n  en t +32.0 +32.0 0.15 
1 1  m +3u.s +30.5 0.13 
12 v +30.0  
13 m 428.5 
14 	 . +28.0 
15 +27,0 
16 +25.0 
I7 . +23.0 
18 +'io.o 
19 Mare T r a n q u i l l i t a t i s  w +18.5 

+30.3 0.15 
+41.0 0.14 
+40 0 0.17 
+40.0 0.14 
+40.5 0,16 
+41.0 0.13 

+ 4 1 . o  0.18 
+ 4 1 . 0  0,06 

~~ 

0.02 3.087 0.92 0.157 11 
0.02 D.057 0.90 0.147 I 1  
0.03 0,106 0.92 0.165 I 1  
0.02 0.063 0.91 0.15fI 10 
0.02 0.105 0.94 0.164 I 1  
0.01 0.059 0.91 0.148 1 1  
0.01 0.086 0.93 0.157 I t  
0.01 O,Oc#9 0.90 0.132 I I  
0.01 0.119 0.Y3 0.169 8 
0.02 9.856 0.83 0.093 11 
0.03 0.010 0.92 0.131 11  
0.02 0.000 0.89 0.129 11 
0.01 9.958 0.90 0.117 11 
0.02 0.014 0.91 0.134 11 
0.03 9.768 0.80 0.076 9 

~ 

I 


20 P a l u a  Somnii +18.0 +42.0 0.15 
21 + 17.0 r42.0 0.12 
n . + 16.5 +43.0 0.13 
23 e + 13.5 -43.5 0.14 
24 Mare T r a n q u i l l i t a t i s  w + 11.6,+44.0 0.03 

Region E 

-
No. o b j e c t-

I I -c+3To.0 0". I7E l  L a h o r e  o f  Mare N e c t a r i a  f 2V.O P T O ;  0.17.3 1 I 
2 Mmre N e c t a r i s  - 19.0 t 3 f i . 0  0.115 0.03 o . w !  I I  
3 -17.0 -135.0 0.10 0.0j 0.098 1 1  
4 . -14.0 +:54.0 0.06 0.02 0.090 11 
5 . - 13.5 -133.5 0.09 0.02 0.009 0.86 0.100 1 1  
ti -12.0 +32 .5  0.05 0.03 9.954 0.112 0.038 1 1  
7 r . ight  p r o j e c t i o n  from 

Mad1 e r  - 1 1  . O  - t32.0 0.IO 0.02 0.137 0.87 0.134 I O  
8 G 1  f between Mare N e c t a r i  

m d  T r a a q u i l l i t a t i s  -10.0 +31.5 0.06 0.0'2 9.993 0.83 0.096 I I  
9 Continent  n e a r  Iaydorua - 9.0 +3I.O 0.09 0.02 0.070 0.86 0.116 1 1  

J O  Continent  - 7.5 +30.5 0.07 0.02 0.091 0.84 0.121 I I  
I I  flare T r a n q u i l l i t a t i s  S - 6 . 0  +3O.O (l.07 0 .01  0.1'03 0 81 O.O'J9 I 1  
12 r o r r i c e l l i  A - 4.0 +2Y.O 0.07 0.02 0.045 0.84 0. IW 1 1  
13 Mare Tranqui I 1  i t a t i  a 	 - 2.5 +28.5 0.00 0.02 9.929 0 . 7 7  0.083 I 1- 0.0+27.5 0.04 0.02 9.967 0.81 0.091 1014 . + 2.0 +27.0 0.02 0,01  9.993 0.79 O.OR4 IOI:, 

16 + 2.5 +'16.5 0.02 0.02 9.912 0.79 0.080 1 1  

17 + 5.0 +26.0 0.04 0.02 9.915 0.81 0.080 I !  

18 	 . + 5.5 +25.5 0.02 0.02 9.8d0 0.79 0.075 1 1  
19 I . i g h t  p a t c h  i n  Mare 

Tran qui 1I i t a t i  a i- 7.0 +25.0 0.05 0.02 9.964 0.82 0.090 1 1  
!20 Mare T r a n q u i l l i t a t i s  f 7,5+25,0  0.00 0.02 9.860 0..77 0.070 1 1  
21 m +11.5 +24.5 0.01 0.02 9.896 0.78 0.079 11  
22 +13.0 +24.0 0.03 0.02 9.861 0.80 0.070 IO 
23 + I 4 0  +24.0 0.02 0.02 9.886 0.79 0.076 I I  
24 Pllalus +16.6 $23.0 0.18 0.02 0.210 0.95 0.159 10 



0.1431 

R e g i o n  F 

O b j e c t  

I t 
F 1  Tycho ray n e a r  P o l u b i a a  im ,03 
2 C o n t i n e n t  0.03 
3 0.02 
4 0 ,Ol  
5 . -25.014-23.510.08 0.02 0.85 1 0 1801 IO 
6 " 0.01 9,978 1 0  
7 . 0,02 0,016 10 
8 0.02 9,960 10 
9 -28;O -+I8100106 0.02 0,013 10 
10 Near P o n t m u a  c r a t e r  -29.0 -1-15.00.05 0.02 9,918 I O  
1 1  Continent  -30,s -1-13.50.08 0.02 0,004 0.85 10.182 IO 
12 -31,o t-11.5 0.05 0.02 9,923 10 
13 -32.0 -110.5 0 07 0.02 9,999 10 
I4 -33;O-k 715 0 : O S  0.02 9,916 0,82 0.147 10 
15 34,s t 6,00,06 0.02 9.971 0.83 0,169 10 
16 -35,O t 5.0 0.05 0.02 9,906 0.82 0.144 9 
17 -3n.5 F 4 , O  0.04 0.02 9,933 olsi o:iss I O  
18 -87,O t- 1.5 0.06 0,02 9,960'0.83 0,161 I O  
19 -37.5 0 .0  0.05 0.02 9.8901 0 82 0,140 10 
20 -38;O - 1.5 0:07 0.02 0;003 0.84 0,182 I O  
21 O r o n t i u s  c r a t e r  -40.0- 4,O 0,07 0.02 9.907 0,84 0.146 I O  
22 Con t i  n en t -41.5- 6.0 0.08 0.01 0.029 0.85 0.1921 I O  
23 Rine around Tycho -42.0- 7.0 0.07 0,02 9;9940,84 0.178( 10 
24 Tycho -43,O-10.5; 0.14 0,02 0,17Y/0191 I 0,272 6 

' I  2-
-1- f + 

GI A p e n n i n e s ,  N - s l o p e  t200,O - 3'1,OOm, 19 Om ,03 0,3340m,960,162 IO  
2 Mare Imbrium Sw 121.0- 3.0  0,06 0,02  0,155 0.83 0.107 I O  
3 P a l u s  P u t r e d i n i s  E 1-21.5- 3.5 0 , 1 4  0.02 0,266 0.91 0,138 12 
4 Pal u 8 P u t  r e d i n i  a + 2 2 , 0 - 3.5 0,01 0,02 0,159 0.81 0.108 12 

5 E l e v a t i o n  south of 


6 
Archimedes +23 ,0- 4,0 0.14 0.03 0,281 0.91 0,101 :: 


+25.0- 4.0 0.07 0.02 0.128 0.84 
7 t P 7 , O  - 4.5 0.14 0.02 OI300 0191 0.1491 13 
8 +27,5- 4,5 0 05 0.02 0.191 0.82 O;ll6 12 
9 k28 0- 4,5 0'01 0.02 0.116 0.78 0,098 13 
IO Archimedes,  floor +30,0- 5.0 0:oi o;o3 0.0951 0.78 0,094 13 

,O- 5.0 0.11 0.03 0.117 13I I  Archimedes,  N-wal l  . ~ 3 1
12 Mare Imbrium t-32.0- 5,0-0.01 0.02 0:070 13 
13 S,i t rb e rgen t34.5- 5.5 0.12 0,03 0.138 13 
14 Mare I a b r i u a  t36.5 - 5.5 0.04 0,02 O:l20 0;81 0,099 13 
15 Mare Imbrium n e a r  

K i  rch +38,5 - 6.0 0.05 0,02 0,175 0.82 0,112 13 
16 Mare I s b r i u n  n e a r  

+45.0 - 7 ,O 0,07 0.03 0.144 0.84 0.104 13P i c o
17 Mare Imbrium +48,0- 8.0 0.00 0.02 0:076 0.77 0,089 13 
18 P l a t o ,  S w a l l  +50,0 - 9,0 0,I5 0.03 o , m 1  0192 0,119 13 
19 P l a t o ,  floor +52,0 -10.0 - 0 , O I  0,02 0,000 0,76 
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cont'd. Catalogue of  Region G 

l I 2 

.. 

20 P I a t o .  N - w a l l  +53,5 -10,o 0,20 0.03 0.331 0.97 0.162 12 
21 Mare F r i g o r i a  +56,5 -11.0 0.03 0.02 0,095 0.80 O.OY4 13 
22 ,, +58,0 -12.0 0.09 0.02 0,151 0,86 0.107 12 
23 I /  +60,0 .-12,50.05 0.03 0,109 0.82 0,097 I3 
24 Continent  - tb3 ,0  - 15,O 0.14 0.04 0,338 U.91 0,163 10 

R e g i o n  H 
- __ 

No. O b j e c t  x- ._ __ 

+ 
HI Mare T r i g o r i s  +520,51-40",0 Om :OS PTOC 
2 Can t i n  en t +51,5-39,o 0,09 0.02 0,134 0 86 0.106 7 
3 t, +48,0 -37.0 0.17 0.02 0,249 0,94 0.138 1 1  
4 B i a n c h i n i  t47.5 -36.5 0,14 0.02 0,198 0.91 0,I23 I 1  
5 Continent  t47.0-34.0 0.16 0.02 0.256 0.93 0.140 11 
6 S i n u s  I r i d u n  t47.0 -32.5 0.09 0,03 0,000 0.86 0,078 10 
7 ,, t45.0 -30.0 0.10 0.03 0,044 0.87 0,087 8 
8 Mare Imbrium +42,0-26,s 0.01 0.02 9,905 0 ,18  0,062 11 
9 I, +40,0 -25.5 0.03 0.02 9.965 0.80 0,072 1 1  
10 ,d t37.5 -24.0 0,Ol 0.02 9,938 0.78 0,068 I I  
I 1  ,I +34,5-23.0 0.04 0.02 P.963 0.81 0.072 10 
12 I ,  t32.5-21.5 0.01 0.02 9.965 0.78 0.072 1 1  
13 0 t32.0 -21 ,O 0.01 0.02 9.930 0.78 0.06 11 
14 /4 t30.0-19,5 0.03 0,02 9,986 0.80 0,076 1 1  
15 / r  +27,5-18.5 0.00 0.02 9,926 0,77 0.066 1 1  
16 Copernicus  ray t26.5-17.0 0.07 0 , O l  0.067 0.84 0,091 1 1  
17 Mare Inbrium t23.0 -15.0 0.02 0,02 9,971 0,79 0,073 1 1  
18 
19 

/, +21,0 - 1 4 , O  0.06 0.01 0.021 0.83 0,082 I A  
/I +18,0--13,5 0,06 0.02 0,028 0.83 0,083 1 1  

20 4, t17.5-13.0 0.06 0,02 0.035 0.83 O.OP4 1 1  
21 C o p e m i c u s  ray t17,0-13,0 0.05 0.02 0,112 0.83 0.100 1 I 
22 Ware Inbrium t16.5 -12.5 0,01 0.02 0.064 0.81 0.090 I 1  
23 E r a t o s t h e n e s .  N-wall t15.5 -12.0 0.12 0,02 0,149 0.89 0.110 I I  
24 Er a t o  a t  hen ea,  f l o o r  t15,O - 12.0I 0,12 0,03  0,125 0.89 0,104 7 

1 2 6 
- -

I I A  f +
K1 Mare Humorum -210,5 -420,O Om,O: Dm .02 9,927O m ,  SC 0.060 12 

2 G a s s e n d i ,  SW-wall -18,O -38.5 0,16 0.02 0,222 0,94 0,094 1 1  
3 G I  f betveen Mare Humorum 

and Oceanus Proce l larum -16.5 - 37,O 0.05 0,02 9,968 0.82 0.066 12 
4 L i g h t  p a t c h  -15.0 -35.5 0.14 0.02 0,208 0.91 0.115 12 
5 ( I c e m u s  P r o c e l l  arum -14.0 -34.5 0.05 0,02 9,948 0,82 0,063 12 
6 Crater H e r i g o n i u s  -13.0 -34.0 0.09 0 , O l  U.083 0.86 0.086 12 
7 Oceanus P r o c e l l a r u m  -12.0 -33,O 0.03 0.01 0,uoo 0.80 0.071 12 
8 Riphaen Mount a i n a  - 8,O-31,O 0.14 0.01 0,166 0.91 0,104 12 
9 I - 7,5-30,5 0.08 0 ,Ol  0,122 0.85 0,094 I2 
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contvd. Catalogue of  Region K 

I O  Riphaen Mountain. - 6,5 --29.0 0.18 0.02 0,262 0.95 D,13U 12 
I I  - 6 0I -29 0l &OS? l 0.01 0,093 0,82 0.088 I I  
12 0 186 0.93 0.109 10 
13 Ocemna P r o c e l l  mrum 0:oOO 0.83 0.071 12 
14 0.136 0,89 0.097 12 
IS - 2:O -26:5 0:05 0.01 o.oi6 0.82 0,081 12 
16 - 1,5-26.0 0.10 0.02 0.132 0.87 0.096 12 
17 - 0.5 -25.5 0.09 0.01 0,082 0.86 0.086 12 
18 f 0,5 -25,O 0.12 0,02 0,150 0,89 0.100 12 
19 R a d i m t  a u r e o l e  o f  + 1.0 -25.n 0.10 0.01 0.112 0,87 0.092 11 
20 

Cop emi cu 
” 

a + 2.0 -24.5 0.05 0 , O l  9,098 0.82 0,089 12 
21 C r a t e r  Reinhol d + 3,5 -23,5 0,12 0.02 0,228 0,811 0,120 I I  
22 R a d i m t  mureole o f  + 5.5 -22,s 0,08 0.01 0,158 0.85 0,102 11 

G p e r n i  cu a 
23 Near G p  e r n i  cu a + 7.0-22.0 0,08 0,Ol 0,122 0.85 0,094 I 1  
24 6 p e m i c u a ,  floor + 9.0I-21.0 I 0,17 I 0,02, 0,280 0.94 0.135 10 

Region L 


-
No. I o b j e c t  

2 

I-
L 1  Con t i n e n  t 0,4100m,97 0,159 10 

2 0,048 0,81 0,070 12 
3 

p a t c h  .26,0 -45,5 0,lO 0.03 0,187 0.87 0.095l 12 
4 dare Hunorum -25.5 -44.0 0.02 0,02 0,046 0.89 0;069 12 
5 -25.0 - 4 0 , O  0,05 0,02 0.086 0.82 0,076 12 
6 -24.0 -36,O 0.03 0.02 0,072 0,80 0,073 12 
7 -23.1’-35,0 0.00 0,02 0,000 0,77 0,062 12 
8 P c n i n a u l a  between -23 .0  

Mare  Humorum and 
Mmre Nubium -33.5 0.10‘ 0.03 D,228 0.87 0,105 11 

9 -23.0 -30.5 I 0.89 0 ,02  0.210 0.86 0,100 12 
IO --‘L2.5 -29.0 0.02 0.02 0,103 0.79 0.079 12 
11 -22.0 -28.0 0,05 0.02  0,209 O,R6 0,100 12 
12 M a r e  Nubium -‘2I,5 -25.5 0,04 0.02 0,141 0,81 0.086 I 1  
13 Tycho ray i n  Mare Nubiun -21.5 -25.0 0.06 0.02 0.211 0.83 0.105 11 
I 4  Mare Nubium -21 ,o -24,5 0.00 0.01 0,121 0.77 0,082 I 1  
15 Bo1 1i a1 du a . -21.0 --22,5 0.18 0.03 0.361 0.95 0,149 12 
16 Mare Nubium -20.0 -18.5 0.02 0,02 0,107 0.79 0.079 12 
17 --19,5 -18,5 0,07 0.02 0,167 0.84 0,091 12 
18 -1Y.5 -18,O 0.06 0.01 0,179 0.8 0,093 12 
19 -18.0 -15.0 0 ,03  0.02 0.099 0.80 0,078 12 
20 - 18.0 -14.0 o,o5 u.02 0,126 0.82 0,083 12 
21 - 17.5 -12.5. -0 ,Ol 0.0: 0,029 0.76 0.066 12 
22 -17.5 -11.0 0.08 0.05 0.177 0.85 0,093 12 
23 - 16 5 - 7.5 0 , o  0 , O l  0,Otil 0.77 0,071 12 
24 C r a t e r  Alp  e t  r a g i u  a -19.0 - 5,0 0,09 0,oi 0,292 0,86 0,121 12 
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01 3ce .nua P r o c e l l  m r o i  
2 

3 Ray S e l  eucua 

4 Vear Ari a t a r c h o a  

5 

(i kri m t  archu 

7 Yemr Ari a t a r c h o a  

8 Ray a y m t a  o f  

Ari a t  archu a 
9 n C e M O 8  PrOCellarOi 

1 0  
I I  
12 
13 
14 

I5 ch. Mmyer C r a t e r  

16 Cmrpathi - 8  


17 

18 Ray Byst - o f  


Copcrnicus  
19 
20 
21 
22 G p e m i c u s ,  N E - w a l l
23 Copernicus.  c e n t e r  
24 Ray system SW from 

Cope r n i  c u s  

Region 0 

' A  
. .  

-1 .  + 
+280,s - 6P.O 0". I C  1"- 0: 
+28.0 -66.0 0,115 0.03 
+27,5 -6'1.0 0.04 0.03 
+26.(J - 55.b 0.14 0,02 
-t-2s.0 -52.s 3.08 0 , 0 3
+ 23.5 -47.0 0.13 0.05 
-+23,5-46.0 0.04 0,02  

-122.5 -45.5 0.08 0.02 
-121 ,O --42.5 0.04 0,02 
-1 21 .5 -42.0 O.r.5 0.02 
-1 20.0 - 40.0 0.04 0 ,O? 
-118.5 36,0 0,06 0.02 
-1IS.O 35.5 0.02 0.02  
-E17 0-33.5 0.04 0.02 
+ 15.5 --'L9.0 0,07 0.02 
-1-14.S - 2 8 , O  O,O9 0 .02  
-(-14,0 -26 .5  0.15 0.02 
+13,5 -26,O 0.07 0,03 

-1-12.:-225,0 0,13 0.09 
.112,0 -24.9 0.12  0.03 
+ I I . S  -23,n 0.09 0,02 
111.0 22.0 0.18 0.03 
+10,0 -20,5 0,18 0.04 

-b 8,0--18,0 0,10 0,02 

/1L2 


. -___-_
-1 

6,048 Om,& 0.088 6 
9,994 O.hl  0,078 6 
0,048 0.81 0,OHX 9 
0.076 0.91 0.094 I I 
0,052 0.85 0,089 12 
0,428 0,9') 0.212 1 1  
0,076 0,81 0.094 13 

0.124 0.35 0,105 13 
0.066 0.81 0,092 13 
0,080 0.82 0 (195 13 
9,Wq 0.81 0 07R 13 
0,052 0.83 0.089 13 
0.000 0.79 0,079 13 
0,036 0.81 0.056 13 
0,080 0.84 0,095 13 
0.098 0.86 0,099 13 
0,162 0.92 0,115 13 
- 0.84 - 12 

- 0.90 - 12 
- 0.89 - 1 1  

D.124 0.86 9,105 13 
3,221 0.95 3.1.32 12 
3,232 0.95 3,135 12 

- 0,87 - 0 

i n  d i f f e r e n t  spectrum regions f o r  numerous luna r  objects.  In  each of t ne  
regions invest igated by us,  we found d e t a i l s  coinciding with those i n  the  LOX. 
Radlova's catalogue. L.N.Radlova determined the  br ightness  coe f f i c i en t s  i n  
green rays with an op t i ca l  f i l t e r  having a n  e f f ec t ive  transmission wavelength 
of 560 mu (p560 ). We can consider t h a t  the  br ightness  coe f f i c i en t s  a t  h = 
= 550 mp,will not  subs t an t i a l ly  d i f f e r  from those determined by L.N.Radlova. 
Knowing P~~~ f o r  t he  selected d e t a i l s ,  we can e a s i l y  determine the  br ightness  
coef f ic ien ts  of a l l  o ther  d e t a i l s  of a given region. The Tables i n  our  catalogue 
give t h e  logarithms of r e l a t i v e  br ightnesses  ( log 1550) and t h e  values o f  pSsQ 
obtained by the  indicated method. O f  course, t h e  values of D i n  the  Tables can 
i n  no way claim p a r t i c u l a r  accuracy since, first,  t h e  d e t a i l s  coinciding with 
Radlovafs catalogue cannot always be absolu te ly  i d e n t i c a l  and second, t h e  spec
t r a  from which we determined pss0 were not obtained a t  t h e  phase angle o( = 12 
as by Radlova, bu t  a t  o the r  values of cy. Owing t o  the  cloudy weather during 
our observations, it w a s  impossible t o  photograph t h e  moon a t  t h e  smallest phase 
angles, Therefone, t o  ca lcu la te  P 5 6 0  we had t o  use spectra  f o r  which t h e  phase 
angles were included within t h e  limits of - 2 8  < 3 5 +2?. The da tes  o f  these 
observations a re  shown i n  Table 1. 

For t he  regions close t o  the  limb i n  the  western hemisphere of the  m o ~ ,  
we measured the  spec t ra  t h a t  were photographed o n l y  a t  negative values of (Y and, 
f o r  t he  regions i n  the  eas te rn  hemisphere, those t h a t  were recorded only a t  
pos i t ive  values of LY. 
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The color excess CE i n  t h e  Tables of t h e  catalogue are given as the  mean 
a r i t h n e t i c  from t h e  r e s u l t s  of  measuring several  spectrograms, whose number n 
i s  indicated i n  the  l as t  column of t he  Tables. The grea t  nuniber of measurements 
permits determining the  standard deviat ion of t h e  measurement and of t h e  re
sults. The standard deviat ion a of t h e  measurements of t h e  color  i s  on the 
average LO:& - OfO5. The Tables give t h e  values of  t h e  standard deviat ion of 
the  r e s u l t a ,  which are usua l ly  rounded o f f  t o  t h e  highest  absolute  value. A s  
we see from the  Tables, these  r a re ly  exceed 0:03 and f o r  most ob jec ts  are & 
equal t o  10:02. O f  course, these values  are only a f o m l  cha rac t e r i s t i c  of the 
accuracy of observations with respect  t o  random e r r o r s  of  measurement. T h i s  
accuracy i s  not below t h e  accuracy usua l ly  obtained i n  photographic photometry 
and spectrophotometry. 

It should be mentioned t h a t  t he  compilation of a catalogue of color  indices  
f o r  a l a r g e  number of l una r  d e t a i l s  is necessary f o r  subsequent spectrophoto
metric measurements, s ince this permits se lec t ing  objec ts  (a l ready l e s s  numer
ous) from the  number of most s imi la r  or most d i f f e ren t  ( i n  color  and br ightness)  
ob jec ts  of  the  catalogue or whole areas.  This, i n  turn,  p e d t s  comparisons 
between t5.e color  index and spec t r a l  curve and thus  t o  def ine  t h e  degree of 
conformity of  these values when applying them t o  the  luna r  surface. 

Discussio& Catalogue Data 

On the  b a s i s  of  t he  obtained values  of t h e  color  excess o r  color  indices  
o f  the  lunar  d e t a i l s ,  we can f i rs t  e s t ab l i sh  t h e  value and l i m i t s  of color  con
t r a s t  on the  lunar  surface,  f o r  selected por t ions  of t h e  spectrum (in which the  

CE A 
ai0 

01.7 

0IO 

003 

a 

color  ind ices  w e r e  calculated) .  A s  indicated i n  t h e  Tables of  t h e  catalogue, 
t he  color  excess CE of lunar  d e t a i l s  with respect  t o  t h e  reference region in  the  
Mare Vaporum a r e  i n  the  majority of cases  pos i t i ve  and range from -0:Ol t o  
+0."20, i.e., t h e  amplitude of t h e  standard color  i nd ices  amounts t o  Ot21. The 
color  ind ices  themselves of t h e  lunar areas vary from +0".6 t o  +037.  If we 
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take the ar i thmetic  mean of a l l  t h e  color  indices ,  then the  color index i s  / l lJ  
equal t o  + O X 5 .  T h i s  value can be considered close t o  t h e  general color  index 
of t he  moon, bu t  i s  not equal t o  it i n  accuracy. Actually, most of t he  invest i 
gated regions of t h e  lunar  surface l i e  i n  the  zone of maria, A t  t he  same t i n e  
the cont inental  regions d i f f e r i n g  i n  color  from t h e  sea regions should suf f i 
c i en t ly  a f f e c t  t h e  general color index t o  cause it t o  increase,  since most 
continental  areas have a more reddish hue than the  maria. 

0111 E 

00. 

Fig. 5 

Fig. 6 

Since, i n  determining t h e  color  indices ,  we used t h e  value of the  color 
index fo r  cy kurigae which considerably d i f f e r s  from t h a t  used by L.K.hdlova, 
the  data  by King m - d d  indica te  t h a t  the  near- color  index from our meas::remenCYs 
i s  correspondingly lower than t h a t  obtained by L.N.Radlova. If we take the  
color index of t he  sun as equal t o  +0."57 (Bibl.5), then t h e  color excess of t he  
general 'color index of t h e  moon i s  +0:28, which i s  close t o  the  r e s u l t s  obtained 
by V.V.Sharonov who determined the  color  excess for t he  e n t i r e  moon, based on 
many years  of 'observing the  in tegra ted  l i g h t  of t h e  moon., and found it t o  be 
equal t o  +0:33. 

A s  i s  known, almost a l l  authors who have invest igated the  co lor  proper t ies  
of  t h e  lunar  surface note t h a t ,  i n  general ,  t he  l i g h t e r  regions on the  moon have 
the  most pronounced reddish hue i n  comparison with t h e  dark region. 

On comparing t h e  values of CE o f  our catalogue w i t h  t h e  corresponding 
values l o g  &50 or t he  values of C I  with the  br ightness  coef f ic ien ts  p550, a 
d i s t i n c t  dependence of the  color  on t h e  br ightness  of lunar  ob jec ts  i s  observed 
f o r  most of t h e  invest igated regions. Figures IL - 11,show t h e  cor re la t ions  
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between color  excess and r e l a t i v e  br ightness  logarithms f o r  a l l  areas located 
i n  the  given region. Each point  on- these  curves corresponds t o  a spec i f ic  area, 
whose color and br ightness  cha rac t e r i s t i c s  were taken from t h e  catalogue. 

All of t h e  curves show a d i r e c t  r e l a t i o n  between color  and br ightness  of  
the  a reas  of t h e  lunar surface. Disregarding a ce r t a in  sca t t e r ing  of  t he  poin ts  
on the  curve, it i s  q u i t e  obvious t h a t  most po in t s  of a given region l i e  approxi
mately on a s t r a i g h t  l i ne .  A curious f ea tu re  i s . t h a t  t h e  slope of  t h i s  /145 

Fig. 13 Fig. 1 4  

s t r a igh t  l i n e  i n  t h e  graphs, corresponding t o  d i f f e r e n t  l una r  regions, i s  d is 
similar. In  order  t o  make a quant i ta t ive  estimate of  t h e  d i f fe rence  in the  
slope of t h e  s t r a i g h t  l i n e s ,  we w i l l  introduce a conditional value f o r  t he  
gradient of t h e  l i g h t  versus br ightness  curve of a given region of t he  moon: 

A graphic determination of t h e  value of t h i s  gradient  will yie ld  the  values 
of G i n  Table 2, f o r  t h e  invest igated regions. Although a graphic determination 

TABLE 2 
.~ -

Region RegionI G I 
I I I 

c I 0.36 9.37 
I) 0.41 I K 1 0.47  
E 1 0 . 5 0  0.72 
F 0 .24 I I 
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of $2i s  somewhat a rb i t r a ry ,  s ince the  sca t te r ing  of t h e  poin ts  on the  graphs i s  
su f f i c i en t ly  ?reat and permits drawing a s t r a i g h t  l i n e  a t  var ious angles, t he  
differences i n  the  obtained gradients  appreciably exceed t h e  possible  e r ro r s  i n  
drabring the  s t r a igh t  l i ne .  

A comparison of  t he  gradients  w i t h  a morphological a f f i l i a t i o n  of  the  
regions y i e lds  no e x p l i c i t  r e l a t ion ,  although the  cont inental  regions of  C y  D ,  
and F have smaller grzdients  than most regions of the  maria. I n  t h e  region B,  
a ce r t a i c  difference o f  t h e  gradient  (although r e l a t i v e l y  minor) i s  observed 
f o r  the  Ivare S e r e n i t a t i s  (0.L7) and the  Mare T r a n q u i l l i t a t i s  (0.67). 

e . ... . . .  . . ........ 
* 

..-Gb -. - t  . . .  “f- :. . .,1.:. L.. . ..A. ..... ..... . r . h .  L 
r&........ . 
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If a l l  po in ts  of the  catalogue a r e  p lo t ted  i n  one diagram, r e l a t i v e  t o  the  
values of C I  and P ~ ~ , , , ,  a d i s t i n c t  r e l a t i o n  between color  and ref lectance 
(Fig.15) w i l l  be obtained. For comparison, Fig.16 shows a s imi la r  graph, 
plot ted on the b a s i s  of  t h e  same values f o r  t he  catalogue of  L.K.Radlova 
(i3ib1.8). The general  slopb oi’ t h e  l i g h t  versus br ightness  curve on both graphs 
i s  approximately the  same, although t h e  sca t t e r ing  of  t he  poin ts  f o r  t he  ampli
tude o f  t he  l i g h t  in-dices i n  L.?J.Radlova*s catalogue i s  appreciably greater .  
The amplitude of  GI, according t o  t h e  observations by L.N.Radlova, i s  equal t o  
GrL6 (OteE! - 1”.3L) if we disregard one abnormalb red point ,  with C I  = +1”.5. 

In  ca lcu la t ing  the  corresponding average values of  C I  f o r  a group of / I t 6  
objec ts  character iz ing a ce r t a in  average brightness,  L.N.Radlova obtained the  
following values (Table 3). -

Table 3 gives  t h e  values of t h e  logarithm = 	 p560 f o r  convencent
0.077 -

comparison with the  color indices.  I n  Fig.17, t he  r e l a t ion  of C I  :,Lid l o g  &,so 
i s  shown graphically,  analogous t o  Figs.L - l h .  The gradient f o r  t h e  s t r a i g h t  
l i n e  i n  Fig.17 i s  equal t o  0.60. This value i s  very close t o  those given i n  
Table 2. 

L e t  u s  r e tu rn  to.Fig.15. Most of  t h e  po in ts  l i e  within 0.060 t o  0.110 for 
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-
p 5 6 3  and from 0t77 t o  0537, for t h e  color  indices.  The p o i n t s  corresponding t o  
the  b r i g h t e s t  ob jec t s  are located primarily i n  the  zone with t h e  l a r g e s t  values 

.0... . '  . 
..-. .. .. .... . *  
.-.e.,"- ,. e.. 
..: 

" 
... . 

:*% 

a05 aio 0.15 azo 025 fib, 

Fig.16 

of C I .  A t  the  same time, d i f f e r e n t  C I  can correspond t o  t h e  same value of p550; 
obJects with pSFj0 > 0,100 a re  characterized by the  g rea t e s t  amplitude of the  
color  indices.  

T&LE 3 

m 
0.077 0,000 1.03 
0.103 0.127 I . C 8  
0,137 0,250 1 , 1 1  
0,188 0,386 I 1,25 

The existence of a cor re la t ion  between color  and br ightness  of l una r  ob
j e c t s  i s  of special  s ignif icance f o r  the  problem as t o  t h e  o r ig in ,  s t ruc ture ,  /1L7 
and compcsition of t he  c rus t  of t h e  lunar surface. Tnerefore, it i s  necessary 
t o  defirie idlether t h i s  r e l a t ion  i s  t ruly va l id  in our observations. The negli
gible  d i f fe rences  i n  t h e  color ind ices  of lunar  a reas  causes the  e r r o r s  of ob
servations t o  have a g rea t ly  d i s t o r t i n g  e f f e c t  on t h e  r e a l  color of  t h e  luna r  
objects ,  V.V.Sharonov believed (Biblol l+)t h a t  a l l  rafidom observation e r ro r s  i n  
photographic photometry and spectrophotometry w i l l  cause an increase i n  the  ob
tained color dispersion. A s  shown i n  t h e  Table o f  t h e  catalogue, t he  e r r o r s  i n  
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our  observations, i n  most cases, are smaller than t h e  values  of t h e  color  ex
cesses CE obtained as an average of 10 - 1L.observations. However, as s ta ted  
above, t he  values of B character ize  only random errors of measurement. In  most 
cases, these e r r o r s  a r e  caused by t h e  inevi tab le  e r r o r  of determining t h e  d i f 
ference of log  L40 - l o g  Issof o r  t h e  reference region on a given negative 
since,  i n  analyzing t h e  signs and magnitudes of t h e  deviat ions from the  mean, 
i t  i s  frequent ly  found t h a t ,  f o r  a l l  a r eas  of t h e  lunar region on one and the  
same negative, t h e  s ign  of t h e  deviat ion i s  the  same and t h e  magnitudes d i f f e r  
negligibly.  

L.1 - -I-.
0(0 070 030. G d O  

Fig. 17 

The presence of systematic e r r o r s  will a f f e c t  t h e  results i n  a ce r t a in  
prescribed d i rec t ion ,  unl ike random e r r o r s  which simply cause a sca t t e r ing  o f  
t he  poin ts  corresponding t o  individual  measurements. I n  our case, t he  increase 
i n  C I  with br ightness  of t h e  objec t  can be caused by systematic d i f fe rences  of 
t he  values of gamma ( y )  a t  wavelengths of 41c0 and 550 mw. If t h i s  difference 
exceeds the  t r u e  (always ex i s t ing )  va r i a t ion  i n  y with wavelength, then an in
crease i n  the  general  br ightness  of  t he  objec ts  w i l l  cause t h e i r  br ightness  i n  
two d i f f e r e n t  port ions of t h e  spectrum t o  increase d i f f e ren t ly ,  r e su l t i ng  i n  a 
va r i a t ion  of t he  color  excess of t he  objec t  with respect  t o  t h e  reference 
region. 

To e s t ab l i sh  t h e  presence and magnitude of this type of systematic e r ro r ,  
we selected from t h e  catalogue d e t a i l s  with t h e  same average color  indices.  
&e group of d e t a i l s  w a s  selected with CE = Eo6 - G O ? ,  and another group with 
CE = 0:16 - Otl7. For each individual  observation of each d e t a i l ,  we calculated 
t h e  d i f fe rence  A = log  IFjs0 - l o g  I&, where &so i s  t h e  i n t e n s i t y  of a given 
d e t a i l  and gsoi s  t h e  i n t e n s i t y  of t h e  reference region on t h e  same negative. 
If  an  increase in t h e  co lor  excess CE i s  associated only with an increase  i n  t h e  
br ightness  of t h e  d e t a i l  r e l a t i v e  t o  t h e  reference region, Le. ,  with an in
crease A (because of photographing t h e  d e t a i l s  a t  somewhat d i f f e r e n t  e q o s u r e s  
and with diaphragms on d i f f e r e n t  negatives,  t h e  values of A are d i s s imi l a r ) ,  
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then we should obtain f o r  t h e  same d e t a i l ,  o r  group of d e t a i l s  w i t h  the  same 
average color, t h e  same dependence .of CE on r; as it i s  obtained f o r  d i f f e r e n t  
d e t a i l s  of  one region d i f f e r i n g  in brightness  and in color. I n  o t h e r  words, i n  
such an inves t iga t ion  we should obtain a gradient  value coinciding with the  
gradient  of t he  l i g h t  versus  br ightness  curve f o r  l una r  regions. Figure 18 
shows the  results of obtaining t h e  dependence of CE on A f o r  t h e  above-mentioned 
two groups of d e t a i l s .  Each point  on t h e  graph corresponds t o  an average /1Le
value of CE from a whole s e r i e s  (up t o  30) of individual  observations,  f o r  which 
the  values of A were included i n  a 0.01, range. The open c i r c l e s  per ta in  t o  da ta  

Fig. 18 

f o r  Group 1 (CE = C Z C 6  - 0."07)and the  so l id  c i r c l e s ,  f o r  Group 2 (z= 
= 0216 - Ot17). Obviously, t he  slope of t he  dependence of CE on ,PI is not very 
uniform, and shows a ce r t a in  increase of CE toward l a r g e  values of P for b o t h  
groups. The gradient  of t h i s  increase i s  appreciably l e s s  than t h a t  obtained 
when inves t iga t ing  d i f f e r e n t  d e t a i l s  i n  one region. Here, G = C.1L. Further
more, a t  the  same values  of A t he  poin ts  of Group 1always l i e  below the  poin ts  
of Group 2. The d i f fe rence  of CE between both groups on t h e  average i s  O'.CE! 
( instead of the  o r i g i n a l  0:lO). Thus, although a systematic e r r o r  e x i s t s  and 
causes the values of CE t o  increase with br ightness ,  it does not wholly explain 
the  dependence of  color  on br ightness  f o r  lunar objec ts ,  a s  obtained from the  
observations. Only t h e  gradients  of t he  regions should be s l i g h t l y  reduced. 

Control photograp!is O F  the  spectra  of  t he  same lunar object ,  w i t h  i den t i ca l  
exposure but  d i f f e r e n t  diaphragm ( the  s i ze  of t h e  aperture  of t h e  sec tor  dia
phragm was changed) l e d  t o  the  same re su l t .  

It i s  d i f f i c u l t  t o  formulate the  explanat.io1 f o r  t h e  existence of  such a 
systematic e'rror. The inaccuracy i n  determining the  s e l e c t i v i t y  of t he  echelon, 
as shown by a comparison of t h e  cha rac t e r i s t i c  curves p lo t t ed  with and without 
consideration o f  s e l e c t i v i t y ,  introduces a negl ig ib le  e r ror .  The d i f f e r e n t  ex
posures when photographing the  ca l ibra t ion  sca le  ( 2 " )  and lunar objec ts  (6' ) 
might possibly be t h e  bas i c  cause of our e r r o r s  of measurement. However, a s  
w a s  shown i n  t h e  work by E.V.Kononovich ( B i b l . L ) ,  although such a difference i n  
exposure f o r  Agfa Spektral  Rot. Rapid p l a t e s  cause an e r r o r  i n  br ightness  deter
mination of up t o  18$, the  magnitude of t h e  e r r o r  i t s e l f  i s  completely inde
pendent of t he  wavelength, i .e. ,  t he  slope of a l l  t he  cha rac t e r i s t i c s  v a r i e s  
i den t i ca l ly  and does not a f f e c t  t he  r e l a t i v e  spec t r a l  br ightness  d is t r ibu t ion .  
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How r e a l  i s  t h e  difference i n  t h e  gradients  f o r  d i f f e r e n t  regions? Here, 
t he  cha rac t e r i s t i c  curves may a l so  have an e f f e c t ,  s ince these cha rac t e r i s t i c s  
were plot ted f o r  a series of negatives of a given observation night,  f o r  a 
region whose spectra  were recorded p a r t i a l l y  on d i f f e r e n t  n ights  and were ana
lyzed w i t h  respect t o  d i f f e r e n t  charac te r i s t ics .  For example, the  spectra  of 
t h e  regions L and 0, which were analyzed only with respect  t o  cha rac t e r i s t i c  
curves c o m n  t o  both regions, nevertheless y i e ld  gradients  of 0.L7 and 0.72 
respectively,  so t h a t  t h e  difference i n  t h e  gradients  apparently i s  caused not 
only by e r ro r s  of measurement but  a l so  by the  ac tua l  d i f fe rence  i n  color  proper
t i e s  of d i f f e r e n t  regions of the  moon, 
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Fig. 19 

Thus, the cor re la t ion  between the  color  and br ightness  of d e t a i l s  of  t h e  
lunar  surface may be considered as r ea l .  This i s  substant ia ted by t h e  f a c t  t h a t  
t he  dependence of co lor  on br ightness  was detected i n  inves t iga t ions  of t h e  moon 
by d i f f e r e n t  methods, by which it i s  d i f f i c u l t  t o  assume t h e  presence of sys
tematic e r rors  ac t ing  i n  a completely i d e n t i c a l  manner. An increase i n  t h e  
color index w i t h  br ightness  of the  lunar  ob jec ts  i s  a l s o  obtained i n  v i sua l  
spectrophotometry (nib1.15) and i n  photographic photometry with f i l t e r s  and /149
i n  photographic spectrophotometry. 

It i s  lmown t h a t  it i s  almost impossible t o  d e t e c t  any differences i n  color 
of surface d e t a i l s  when examining t h e  lunar surface v i sua l ly  through a telescope. 
The existence of a dependence between color  and br ightness  of lunar obSects, for 
which a minor increase i n  t h e  color index corresponds t o  an increase of br ight
ness by a f ac to r  of 2 - 3, suggests t h e  p o s s i b i l i t y  t h a t  t h e  apparent monochrom
t i c i t y  of the  moon can be explained by an incor rec t  perception of such a rela
t i o n  between color  and br ightness ,  due t o  t h e  physiological cha rac t e r i s t i c s  of 
human vision. To def ine  t h i s  point ,  a laboratory experiment i s  needed i n  which 
t h e  eye w i l l  have t o  estimate the  color  of  a surface,  a t  s l i g h t  reddening with 
an appreciable increase  i n  brightness.  

Let us  now check t h e  agreement of our da ta  on t h e  color  of lunar  ob jec t s  
with the  r e s u l t s  obtained by o ther  authors. 
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For t h i s ,  l e t  u s  first compare t h e  r e s u l t s  of measuring the  color of d e t a i l s  
i den t i ca l  o r  similar, with respect  %o coordinates and morphological propert ies ,  
i n  t h e  catalogues o f  two inves t iga tors ,  j u s t  as had been done by L.N.Radlova 
(Bib1.10). Laying o f f  t he  da ta  of one catalogue on t h e  abscissa  and the  da ta  of 
another catalogue on t h e  ordinate ,  f o r  t h e  same objec ts ,  t h e  degree of similari
ty  of t he  obtained results can be estimated from t h e  presence o r  absence of a 
cor re la t ion  between them on t h e  graph. Figure 19 shows such a comparison of t h e  
color  indices  from L.N.Radlova's catalogue and our  own catalogue. The number 
of common d e t a i l s  i s  very small, and the  sca t t e r ing  of t es t  poin ts  on t h e  graph 
r e s u i t s  i n  an almost complete absence of coincidence of t h e  data ,  although 
cer t s i r l  fea tures  of a pos i t i ve  cor re la t ion  can s t i l l  be discerned. 
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A similar comparison was made w i t h  t he  da ta  by N.P.Harabashov and A.T. 
Chekirda (Bibl.3). Since they gave no color indices ,  we used, fo r  comparison, 
t h e i r  ra t ios  of t h e  br ightness  of lunar  d e t a i l s  f o r  green and blue color f i l t e r s  
( t h e i r  e f f ec t ive  wavelengths were, respect ively,  5G2 and /a5 m u ) ,  expressed i n  
s t e l l a r  magnitudes. Since the  br ightness  of l una r  ob jec t s  increases  with a n  in
crease i n  wavelength and s ince  the  d i f fe rence  in e f f e c t i v e  wavelengths d i f f e r s  
only s l i g h t l y  from the  wavelengths a t  which our  measurements were carr ied out  
(87 m p  and l G 7  mw),we can expect t h a t  the  d i f fe rence  between the  standard and 
spec ia l  color ind ices  (Bibl.3) will e i t h e r  be n e g l i g i b l e , o r ,  a t  l e a s t ,  will 
always have t h e  same sign. Figure 20 shows t h a t  t h e  cor re la t ion  between t h e  
da t a  by the  above authors  (Bibl.3) and our own da ta  i s  q u i t e  de f in i t e .  I n  t h i s  
diagram, the  so l id  c i r c l e s  mark t h e  d e t a i l s  coinciding i n  both catalogues f150 
and the  open c i r c l e s ,  those closely adjacent and similar i n  morphological char
a c t e r i s t i c s .  A s  we see, t h e  sca t t e r ing  of t h e  t e s t  points ,  on the  whole, does 
not  exceed the  e r r o r s  of measurement. I f  we simply compare lunar  areas ,  ap
preciably d i f f e r i n g  i n  coordinates but  similar i n  morphological cha rac t e r i s t i c s  
( f o r  example, mountainous regions),  we w i l l  ob ta in  sa t i s f ac to ry  agreement be
tween the  da ta  by N.P.Barabashov and A.T.Chekirda and the  color indices  of our 
own catalogue. The maximal d i f fe rence  of  t h e  spec ia l  color  ind ices  f o r  h = 
= 502 and W5 mp (Bibl.3) i s  0:3.!+, whereas most of  t he  invest igated regions i n  
t h i s  work, w i t h  t h e  exception of two, y ie ld  a d i f fe rence  of 0:2L, which almost 
coincides with t h e  d i f fe rence  of t h e  color  i nd ices  of our catalogue. 
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The values of t h e  color  excess (co lor  ind ices)  of  individual  lunar  areas,  
or whole groups of d e t a i l s ,  do not show a noticeable dependence on the  phase 
angle ( u )  w i t h i n  t h e  limits of t h e  angles a t  which t h e  observations were made, 
i . e , ,  from -56' t o  + 5 8 .  Of course, s ince t h e  comparison of CE w i t h  (Y must be 
carr ied out  w i t h  respect  t o  individual  observations and not on t h e  b a s i s  of 
average r e su l t s ,  we can state t h a t  such a dependence vanishes only beyond the  
limits of random errors. 

Conclusions 

1. Small d e t a i l s  of t he  lunar  surface,  investigated by photometric p r o f i l e s  
of spectrograms, showed no color  d i f fe rences  g rea t e r  than those observed f o r  
su f f i c i en t ly  extended lunar  objects.  

2. Tne color  cont ras t s  on the  luna r  surface are small  and, for normal color 
indices ,  y ie ld  d i f fe rences  not  exceeding O;Z, which confirms t h e  r e s u l t s  of 
our pre1iminar;lr inves t iga t ions  (Bibl.11, 12). 

3. Tne standard color ind ices  of l una r  ob jec ts  are comprised i n  t h e  in
t e r v a l s  +0:76 t o  0:97 (a t  a color  index of t h e  reference star (Y Aurigae of 
+ C 2 2 ) .  

lL. The dependence of  color  on br ightness  of d e t a i l s  of t h e  lunar  surface, 
noted by many inves t iga tors ,  i s  confirmed. All regions investigated by us re
veal a d i r e c t  dependence between CE and l o g  h50, although the  re la t ionship  of 
these values, expressed condi t ional ly  by a gradient G, proves t o  be d i s s imi l a r  
for d i f f e r e n t  regions. 
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SPECTROPHOTOMFTRY OF THE LUNAR SURFACE /152 
PART 111. DIFFERENCES IN SPECTML PROPERTIES 

OF LUNAR FORMATIONS 

V. G. Teyf el '  

1. The most important color  cha rac t e r i s t i c  of a c e l e s t i a l  body i s  i t s  re
f lectance d i s t r i b u t i o n  curve over t h e  spectrum. Therefore, f o r  a f i n a l  explana
t i o n  of the problem concerning t h e  magnitude of co lor  cont ras t  on t h e  lunar  
surface we must, i n  addi t ion t o  determining t h e  color  ind ices  of numerous areas 
and d e t a i l s  of t he  moon, p l o t  t he  spec t r a l  curves of d i f f e r e n t  lunar formations. 
For this, i n  each of  15 invest igated regions of t h e  moon whose spectra  were 
photographed w i t h  a high s l i t  (Bibl.?), we selected six a reas  i n  each, which 
were readi ly  i d e n t i f i a b l e  on d i f f e r e n t  negatives of t h e  given region. The 
spectrograms were measured along t h e  dispers ion on an MI?-4 recording microphoto
meter. ARalysis of  the  microphotograms, with t h e  subsequent conversion of 
blackenings t o  i n t e n s i t i e s ,  u l t imate ly  yielded the  d i f fe rence  of t he  logarithms 
of t he  monochromatic i n t e n s i t i e s  of t he  invest igated a rea  (11) and of t h e  refer
ence region (% ): 

log I*' =log I," -log I"A -

For a s u f f i c i e n t l y  r e l i a b l e  p l o t t i n g  of t h e  spec t r a l  curve of t h e  inves t i 
gated object  it i s  necessary t o  ca lcu la te  t he  mean from t h e  results of measuring 
several  spectrograms. Because of t h e  low accuracy of photographic photometry 
and spectrophotometry, s ing le  measurements may lead t o  completely incor rec t  con
clusions a s  t o  the  spec t r a l  p roper t ies  of lunar  d e t a i l s .  Here, we must take 
i n t o  account t h a t  t he  main e r r o r s  do not  arise i n  r a t i n g  t h e  negatives but  i n  
the  photographic processing, where i n e f f i c i e n t  developing, ca l ibra t ing ,  e tc .  may 
introduce subs tan t ia l  d i s to r t ions .  Processing on a microphotometer, as shown 
i n  control  measurements, gives p r a c t i c a l l y  the  same r e s u l t s  f o r  repeated measure
ments of t he  s a m e  negative. Therefore, one cannot Judge t h e  accuracy of observa
t i o n s  exclusively from the  r e s u l t s  of repeated photometric analyses of the  same 
negative, a s  was done f o r  example by. Yezerskiy (Bibl.3). 

It i s  not suggested t o  ca lcu la te  t h e  average values f o r  p l o t t i n g  t h e  spec
t r a l  curves on the  b a s i s  of t h e  values of log  Ii, since these  may d i f f e r  from 
negative t o  negative because of t he  phase e f f e c t ,  wrong exposure, and using 
s tops  when photographing the  b r i g h t e s t  a r eas  of t h e  moon. I n  spectrophotometry 
of planets ,  it is  comon t o  p l o t  t he  spec t r a l  i n t e n s i t y  d i s t r i b u t i o n  curve ( i f  
t h e  absolute study program does not  c a l l  f o r  absolute  photometry of t h e  ob jec t )  
i n  r e l a t i v e  un i t s ,  with t h e  i n t e n s i t y  of a l l  ob jec ts  a t  a ce r t a in  defined /153
wavelength taken as unity. For t he  v i s i b l e  spectrum region it i s  conventional 
t o  assume t h a t  11 = 1 f o r  X = 500 m p .  

The spec t r a l  curve i s  p lo t t ed  on t h e  b a s i s  of t he  values  of l o g  11 o r  
simply 11, where 
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These r e l a t i v e  q u a n t i t i e s  permit ca lcu la t ing  t h e i r  average values on t h e  
basis of numerous observations. 

Based on t h e  observational da t a  from spectrophotometry of t h e  moon, obtained 
a t  t h e  Observatory of t h e  Astrobotany Sector  in 1957 - 1958, we processed 610 
spectrograms of  90 areas of t h e  lunar surface. The spec t r a l  curve of each area  
was plo t ted  as t h e  average of t h e  measurements of 6 - 8 spectrograms, w i t h  re
spect t o  the  reference region i n  the  Mare V a p o m  (9 = +13’. 0; 1. = +p.o). 

F igures  1- 5 show the  spec t ra l  curves of a l l  invest igated a reas  of t he  
moon, p lo t ted  from t h e  average values of 11. Each d iv i s ion  on the  ordinate  of 
these graphs corresponds t o  0.2 r e l a t i v e  in tens i ty .  For compactness, t he  curves 
are arbitrarily sh i f t ed  along this axis. A horizontal  axis Ik = 1 i s  drawn f o r  
every third spec t r a l  curve. 

The pos i t ion  of t h e  invest igated areas on t h e  luna r  surface,  t h e i r  indices ,  
and selenographic coordinates QI and h a r e  given i n  Table 1. The selenographic 
coordinates are given within an accuracy of  lo, since areas longer than 60 km 
were measured. The index of t h e  area cons is t s  of a l e t t e r  designation of t h e  
region and the  number of t h e  area i n  t h i s  region. The locat ion of  t he  regions 
on the  lunar  d i sk  i s  given elsewhere (Bibl.7), so t h a t  we need not d i scuss  it 
here. 
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No. I n d e x- I 

1 A I  

2 A 11 
3 A IIJ 

4 A 1'1 
5 A V  
ti A V I  
7 wi 
8 I3 II 
9 R l l l  

10 BIV 
I 1  RV 
12 BV 1 

1 3  c1 
14 CI 1 
15 Clll  
16 CIV 
17 cv
in CVI  
19 I )  I 
20 1111 
21 1 ) 1 1 1
22 I ) I V
23 I ) V  
24 I ) V I
2Fj 1-1 
26 E l l  
27 1:111 
28 I:Iv 
2s 1.: v 
30 EVI 
31 FI 
32 F11 
33 1 '111  
4 7  4 F IV  
.35 FV 
36 FV I 
37 (i 1 
3x ( i l l
3Y ( i l l 1
40 G l V  
41 GV 
4 2  (;VI
4 3  1-1 I 
44 t i l l  
45 I1111 
46 I i IV  
4? H V  
48 I i V I  
49 I I  

5t1 1 I1 
51 1 I l l  

52 I IV  

53 I V  
54 I V I  
55 KI 
56 K l  I 
57 K i l l  

TABLE 1 
. - . .-

R u e  of O b j e c t  
.-- .- -. --. 

Hare C r i a i u a  ( n o r t h  o f  
c e n t e r )  

dare C r i a i u a  ( a o u t h e r n  p a r t )  
G n t i n e n t  between Mare Crimium 

and M a r e  F o e c u n d i t a t i a  
Hare F o e c u n d i t a t i a  

Hare S e r e n i  t a t i  a 

I* 

H a r e  T r a n $ i l l i t a t i s  ( m i d d l e )  
flare T r m q u i l l i t a t i a  
flare T r a n q u i l l i t a t i s  ( n o r t h  o f  

Censo r i n u  8) 

Era to  a t h  en es 
S i n u s  Aes tuus  
Sou the rn  s p u r s  of Apenn ines  
tiare Vaporun n e a r  M a n i l i n a  
b h n i l i u a  
'romento rium Acherus i  a 
Con t i n  en t 

Somniorum 
a n  t i n  en t 

' a l u s  Somnii 

d a r e  N e c t a r i s  ( m i d d l e )  
Mare N e c t a r i s  ( n o r t h e r n  p a r t )  

Con t i n  en t 

M a r e  Tranqu i  11i t a t i  s s o u t h e r n  p a r t )  

Mare T r a n q u i l l i t a t i s  

Mare T r a n q u i l l i t a t i s  ( n o r t h e a s t )  

Dark r i m  of Tycho 

I . i gh t  nimbus a round  Tycho 

6 n  t i n  en t 


G n t i n  en t 

Tycho r ay  n e a r  M a r e  N e c t a r i s  

Mare F r i e o r i s  

P l a t o  ( f l o o r )  

Mare Imbrium ( n o r t h e m  p a r t )  

Mare Imbrium 

Dark s p o t  n o r t h  o f  Archimedes 

E l e v a t i o n  s o u t h  of Archimedes 

Mare Imbrium, n e a r  E r a t h o s t h e n e n  

Mare Imbrium 

C o p e m i c a n  r ay  i n  Mare Imbrium 

Mare Imbrium 

S i n u s  I r i  dum 
Oceanus P r o c e l l a r u m ,  between 

A r i s t a r c h u s  md R e i n e r  
Ari a t  a r c h u s  
N o r t h e r n  p a r t  of ray sys t em of 

Ari s t a r c h u s  
N o r t h w e s t e r n  p a r t  o f  "Wood's 

s p o t "  
Iceanus P r o c e l l s r u m , n o r t h  o f  A r i s t a r c h u i  
S i n u s  Roris 
Mare Humorum 
G a s s e n d i ,  SW-wall 
O c e m u a  P r o c e l l a r u m  
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t l l P  +SO" 
4 - 3  +56 
+ a  +54
+ l  +4!# 
- 4  
- 6+28 +::;14+23 + '10 
-t20 +!?I 
+ 9  t27 
+ 6  +28 

+ I +30+ I 4  -I3 
+ I 4  - - A+ 14 - 4  
4 - 1 1  4 s-+ 14 t-9+ 14 +IS 
+ 4 1  +30 
-136 + 38+32 +39 
-t20 f- 40 
-t I X  +42 
+ I 4  -I43
- I7  +3.>- 12 +.'H 
- 8  +.31
- 2  ...2R 
+ x  -!-23 
+12 +24
-42 - - H  
- n.c - 2  
-,?I5 - '  4 
'- 33 + t i  - 28 + I8-2.3 +27+SR - 12 
;52 -10 
+46 -- x 
4 . 1 7  - 6  

32 - 5  
-+ 26 - 4  
+I6 - 2s 
+?2 - I5+26 - 17 
t27 -18+ 39 -26 
4- 44 -:10 

+ 17 -2s
+23 -29 

+24 -29 

+27 -29+32 -50 
t . 4 7  -54 
-2 I -42- I8  -38 
-I2 -33 



-- 

No. I I n d e x  I
~~ ._ 

58 KIV 
59 KV 
60 K V I  
61 LI 
62 1-1 I 
63 L l l l  
64 LIV 
65 L V  

66 LVI 
67 A\ I 
68. 	 MI1 
69 Irllll 
70 MIV 
71 M V  
72 M V I  
73 N1 
74 K I I  
75 K l l l  
76 N l V  
77 N V  
78 NVI 
79 01 
80 01I 
81 0 1 1 1  
82 O I V  
R3 ov 
84 ov I 
85 PI 
R6 PI 1 
87 P l l l  
88 P I V  
8’) P V  
!IO PV I 

TABLE 1 (contcd) 

Nme o f  O b j e c t  

ceanua Proce l larum 
l e i n h o l d  c r a t e r  
b p e r n i c u s
&Ip e t  r aFi  u s 
a r e  Nubium 

h l l i  a1 due 
: l e r a t e d  area in 
Mare Nubium 

Iare Hum0 rum 
s i n u s  C d o r i a  
b y  nimbua of G p e r a i c u a 

Sp ern i cu 

qay nimbua o f  Copernicua 

3 c e a n u s  P r o c e l l a m m  

Kepl er  

Tycho 

Con t i n  en t 


A I  b a t  e g n i u  a 
H i l l e y  
Ray nimbus o f  C o p e m i c u s  
Carpathiems ( s o u t h e r n  s p u r s )  
n c e m u s  P r o c e l l a r u m  

Ray nimbus o f  Aristmrchua 

Can t i n  en t 

Con ti n en t - Py ren eea 
C o n t i n e n t  

/15h 

- 10 - 26O 
+ 4  -24 
+ 6  -22 
-16 - 5  -I7 - 9  
-19 -I8 
-21 -22 

-22 -28 
-24 -37
+ 12 -IO 
+ I  I -17 
+IO -22 
+ 9  -25 
+ 9  -32 
+ A  -38 
+ J 3  -I2 
-32 - 5 
-2R - 4  
-1.5 2 

- 1  I + 4  
- 8  + 6  
+ I 2  -?3 
+ 14 -26 
1.16 -32 
+20 - 4 0  
+23 -46+24 -52 
- 4  +33 
- 6  +36 
- 10 +38 
-16 +41 
-90  +45 
-24 +4R 

From even a simple examination of t h e  spec t r a l  curves we see t h a t  t he  d i f 
ferences of the  spec t ra l  p rope r t i e s  of the  luna r  ob jec t s  are very s m a l l .  I n  
most the  spec t r a l  curves a r e  rather smooth. The s m a l l  curvatures on them can be 
e q l a i n e d  by random e r r o r s  of  t h e  measurements. Although the  shapes of t h e  
curves a r e  d i f f e r e n t ,  a l l  d i f f e rences  in the  d i s t r i b u t i o n  of  t h e  i n t e n s i t y  over 
t he  spectrum l i e  i n  very narrow i n t e r v a l s ,  sometimes not exceeding *0:20 and f o r  
most ob jec t s  .cO!lO. N o  p a r t i c u l a r  anomalies are noted i n  t h e  spectra  of t h e  
lunar  d e t a i l s .  Only the  Sea of Rains and c e r t a i n  o the r  a reas  of t h e  moon, as 
t h e  spec t r a l  curves show, have a not iceably lower br ightness  i n  u l t r a v i o l e t  rays.
This drop of i n t e n s i t y  encompasses the  por t ion  of t h e  spectrum from 3 9 0 t o  
L30 - L+kC mu, so t h a t  it can hardly be explained j u s t  by observation errors .  

3. We w i l l  not dwell on a descr ip t ion  of  t h e  q u a l i t a t i v e  d i f fe rences  of 
t h e  spec t r a l  curves. A verbal estimate cannot be used when comparing with o the r  
o p t i c a l  p roper t ies  of l una r  d e t a i l s .  It 2 s  necessary t o  introduce quant i ta t ive ,  
numerical cha rac t e r i s t i c s  of t h e  spec t r a l  curves. 
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In  s t e l l a r  spectrophotometry, we have a completely defined and physi- /157
ca l ly  well-substantiated cha rac t e r i s t i c  of t h e  energy d i s t r i b u t i o n  i n  the  spec
t rum of a rad ia t ing  objec t ,  namely, t he  r e l a t i v e  spectrophotometric gradient  

where Io()) i s  the  energy d i s t r i b u t i o n  i n  t h e  spectrum of the  comparison star; 
I l ( h )  i s  the  same for t h e  invest igated star. 

Reddish objec ts  (having a temperature less than the  comparison ob jec t )  are 
characterized by a pos i t i ve  gradient,  w h i l e  b lu i sh  objec ts  (with a higher tem
pera ture)  a r e  characterized by a negative gradient.  Thus, t he  value of the  
gradient can serve as a quan t i t a t ive  expression f o r  t he  color  of t he  object.  

The s i tua t ion  i s  somewhat d i f f e r e n t  f o r  r e f l e c t i n g  surfaces. Whereas the  
energy d i s t r i b u t i o n  i n  the  spectrum of a r ad ia t ing  body (we have i n  mind the  
temperature rad ia t ion)  can be represented exac t ly  o r  approximately by Planck's 
formula, f o r  most r e f l e c t i n g  surfaces  t h e  spec t r a l  energy d i s t r i b u t i o n  of the  
l i g h t  re f lec ted  by these surfaces  cannot be presented i n  any ana ly t i ca l  form. 

However, as shown i n  Figs.1 - 5, t he  r e l a t i v e  spec t r a l  curves of the  a reas  
of the  lunar surface a r e  characterized by a smooth, almost monotonic i n t e n s i t y  
change with wavelength. The small curvatures,  as s ta ted  above, a r e  most probably 
due t o  inaccuracies  of measurement. However, even i f  they a re  r ea l ,  they have 
no subs tan t ia l  e f f e c t  on the  general  character  of t he  slope of t h e  spec t ra l  
curve, Therefore, we can consider t h a t  t h e  spec t r a l  d i f fe rences  between areas  
of the  lunar  surface,  i n  first approximation, a r e  similar t o  the  differences of 
energy d i s t r i b u t i o n  i n  t h e  spectra  of temperature rad ia t ions ,  meaning t h a t ,  
within a ce r t a in  range o f  wavelengths, t he  slope of t he  spec t ra l  curve can be 
represented by the  r e l a t i v e  spectrophotometric gradient,  

For t h e  invest igated a reas  of the  moon, we calculated the  r e l a t i v e  spectro
photometric gradients  both i n  the  e n t i r e  spec t r a l  i n t e rva l  of 390 - 620 mu ( G )  
and i n  the  half- intervals  of 390 - 500 mL (h) and 510 - 620 m u  (CQ). These 
values a re  given i n  T a b l e  2. Here a r e  a l s o  shown t h e  values of log I&,, which 
i s  t h e  logarithm of t h e  r e l a t i v e  br ightness  of t he  objec t  with respect  t o  the  
reference region, a t  A = 500 m v .  From these values,  we can make a comparison 
of the  color  and br ightness  of t h e  d e t a i l s  i n s ide  a given region, j u s t  as w a s  
done elsewhere (Bibl.7). Table 2 a l s o  contains t h e  color  excess of t h e  d e t a i l s ,  
r e l a t i v e  t o  the  reference region (CE), and t h e  d i f fe rences  of t he  p a r t i a l  grad
i e n t s  (Gr - GI). 

Since t h e  spec t ra l  curve, p lo t ted  as a funct ion of l o g  I (I%-' ), i s  not a 
s t r a igh t  l i n e  i n  t h e  e n t i r e  range of wavelengths, a r e l i a b l e  appl icat ion of the  
general gradient  G t o  some p a r t i c u l a r  spec t ra l  curve i s  not always possible.  To 
estimate t h e  degree of a p p l i c a b i l i t y  of t h e  value of G t o  a given spec t ra l  curve, 
l e t  us  introduce the  quant i ty  a which represents  t he  deviation of t he  point  of 
in te rsec t ion  of t h e  f i c t i t i o u s  s t r a i g h t  l i n e  whose angular coef f ic ien t  deter
mines the  value of G with t h e  abscissa ,  f o r  l o g  I = 0, from the  point  of i n t e r 
sect ion of t h e  real (observed) spec t r a l  curve w i t h  t h e  same axis. The l a t t e r ,  
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TABLE 2 


1 A I  + o ,  1I! 0,147 +0,m030 +0.24 -0.02 -0,26 -0,014
2 A I  I + o  08; 0 .  I56 +0, 025 +0,25 -0,10\ - 0.35 -0,019
3 A l l 1  +0,26f 0,340 40, 085 +0.34 +o, 19, - 8.14 -0,007
4 AIV +o.ofx 0,155 + 0 ,  015 +0,2lJ - 0.09 -0.30 -0,016
5 AV +0.051 0.106 S O ,  022 +0.15 -0,071 -0.25 -0,012
6 AVI +0.01( 0,100 0, 000 t 0 . 1 9  - 0.191 -0.38 -0,020
7 BI + O . l ' l I  0.042 SO, 050 +0.15 -to.10 -0.05 -0,003
8 BII +0,15t 0,08:3 + O .  057 +0.26 +0.031 -@,29l -0,012
9 Bl l l  +0,11t 0.052 + O ,  032 +0.14 +o. 08( -0.06 -0.004 

10 BIV -0.02: 9,997 - 0 ,  032 -0 00 -0.04: -0.03 -0,002
1 1  RV +O.( l lE  9,995 -0 ,  010 +0.01 +0,01! 0,00l 0 *ooo
12 BVI +0,O'X 0,038 s o ,  010 +0,051 -0.01; -0.06 -0.005 
13 CI T O ,  104 0.120 3-0, 025 +0.10 +0.10: 0,o: 0,000
14 CII +0.03E 0,040 +O, 012 $0.041 +0 ,o x  - 0.00: 0.000 
15 C l l l  +0.10': 0.087 +0, 0.38 +0.11 +0,09! -0.01r -0,001
16 CIV +0.0$3 0,042 +0, 005 +0,05 -1-0.05: -t0.00 0,000
17 cv $0.184 0,243 70,060 $0.24( +0,11! 0,12 - 0,006 
I8 CVI $0,047 0,072 -0 ,  008 +0.001 + 0.091 t 0.08; +0.004 
19 DI +0.33H 9,942 + o ,  128 +0,17( + 0,521 t0,34! +0.018 
20 DII + o  263 9.892 + O .  110 $0.17 10.36f t0.19.' +0.010 
21 DllI +0.346 9.999 + O ,  127 $0.19: +0,51t + 0.32: +0,017
22 DIV +(I .304 (1.050 +0, 115 +0.23i +0.37< +0,141 +0,005
23 DV $0.308 9 947 + 0 ,  11.3 +0,19( + 0.43' -t0,231 +0.012 
24 DVI +I 1 ,  st06 9.935 +O, 123 +O.l8; $0,445 $0.26' + 0,014
25 El + 0.096 0.  11.5 + 0 ,  005 + 0.08:  +o ,  r31 +0.04: $0,001
26 El I + u. 100 0,137 + 0 ,  015 +0,12( t 0 , 0 7 t  -0.042 - 0  002 
27 E111 -to.  36 0.216 t o ,  048 +[ I .  17: t0.30C +o, 12� +0.005 
28 EIV t0.0.2!~ 0.n75 - 0, 025 +o .o  : t0.045 4-0 03C - t O , U O I
29 EV +O,Oh5 O.OA7 0, 000 +0,04; i 0,086 +0.03s +0,002
30 EVI -0,035 9.997 -0,  030 -U,O5t 0,011 t 0,045 t0.002 
31 F1 +o.  105 0.070 $ 0 .  032 +0.121 t 0,OMi -0.03: .- 0,002 
32 FI I + o .  112 0 ,133  + 0 ,  04 +O.IG< t0.046 -0,123 -0,006 
33 FllI  t 0.12-1 0.053 to, 027 t 0.08; t o .  lh9 10,118C 10 004 
w FIV +0,(194 11.047 t o .  o x  + O . I ~ C  t 0,063 - ( J . 0 5 7  -0.003 
35 FV L0.079 9.968 f 0 .  022 to, I 1  I t0.04.2 0.069 - 0,003 
36 FVI i-0, 129 0.010 -1 0. 013 + O , I I ?  t0.141 t0 .023  i-0,001 
37 G I  +0.194 0.1 12 t o ,  06 +0,22E I 0 .  160 - 0 .(lW2 -0,003 
38 ( i l l  t0 .053  0.030 + 0. uo2 +0,091 t 0,005 - 0.091 0.005 
39 GI11 f O . 2 1 2  0.C6.3 t o .  07h $0.202 10.222 t 0,020 t 0,001 
4 0  GIV +0,161 0,108 to, O l h  +().I91 t 0,126 - 0.065 - 0,003 
4 1  ( i V  + 0 ,  105 0,055 t o .  025 t u  OH1 F O ,124 t (1,043 + 0 002 
42 GVI t-0,216 0,180 t .0 ,  070 +0,20u t 0 223 t 0 ,014 t0.001 
43 HI t0.1 ti3 0,130 t o ,  018 - k O , I O t i  10,229 t o  12.3 I-0.006 
44 HI I i 0 ,069 0,032 t o ,  co2 -t 0.061 1- 11,079 t-0.018 10.001 
45 HI11 t O . 1 1 3  0,063 10, 016 +0,088 I 0,141 10.0  3 t0 .003 
46 HIV 10.045 9,995 -0. 015 +o,cos 10,095 1- ::.090 10 004 
47 HV t0 .042  9,960 -0.  022 -0.031 tO.126 1-0.157 t0.008 
48 HVI t0.168 0,040 tO,l85 1 0,033 10 002 
49 I 1  t 0.057 0,116 - 0.024 - O,OI, 'L 0,003 
50 I l l  t0.410 0,594 -0,312 -0.182 -0,010 
51 I 1 1 1  t 11.242 0.358 10, 088 i0 .316 0,15ti -0.160 - 0.008 
52 I IV tO,177 0,224 1-0. 07b $0 ,308  0.0 6 -0 .282  0,015 
53 I V  I-0. I2Y 0,146 to ,  03' +0,115 0.144 ' 0.029 I0,OOl 
54 I VI 10.073 0.132 to, 027 + O . l l O  0,032 0.078 - 0 ,  Oll4 

55 K I  t 0,081 0,000 -0. 025 -0.OC5 0,179 0 . I X 4  10,020 
56 YII t0.180 0,266 - 0 ,  (J82 tO .184  -0,  176 0 008 O,(Joo 
57 1 i111  t o ,  086 0,125 -n, 027 +0,052 0,123 0,071 0.004 
58 KIV 10. 1-'47 0 197 -0. 054 -1.0 145 0,128 0,017 -0.001 
59 KV t0.146 0.274 - 0 .  OS7 +0,175 0,114 - 0,061 -0.003 
60 KVI 10,280 0,432 -0,123 - 1  0,310 0.210 0, I ' 3 0  - 0,007 
61 LI 1-0.156 0,178 -0, c w  + I l , l t i l  0,150 0 , O I  I 0,001 
6'2 L11 -0,013 0,015 0, 000 -0,020 0,004 0,016 0,001 
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TABLE 2 (cont td)  

63 LIII +0,037 0,063 +o,m002 +0,089 -0,021 -0.110 -0,006 
64 LIV -1-0.153 0,195 +0, 045 +0,199 +0.100 -0.099 -0,005 
65 LV +0,042 0.060 +0, 038 +0,038 +0,046 +0,008 0,OOo 
66 LVI +11.012 9,952 -0. 005: 0,000 t 0 . 0 2 6  +0.026 10.001 
67 MI $0,033 0,035 -0. 015 -0.024 +0,097 +o, 121 +0.006 
68 MI I +0.070 0,110 +0, 005 t-0,032 +0,112 +0.080 +0,004 
69 MI11 +0,200 0,275 +O. 078 +0,157 10 .248  +0,091 +0.005 
70 MIV +0.068 0.125 +O. 007 1-0.035 to.120 +0.085 +0.005 
71 MV +0,006 9,985 - 0 ,  018 -0,077 -0.090 -0,167 i0.008 
72 MVI +o, 12'2 0.I25 +0, 028 +0,133 -0.106 -0.027 -0,001 
73 NI +o. 102 0,133 1 0 ,  032 +0.153 -9.044 -0,109 - 0,0@6 
74 NII +O ,06 I 0,997 +0, 042 +0.071 -0.049 -0,022 -S),OUl 
75 N I I I  +0,045 9.925 t o .  002 +0.011 -0.083 -0,072 .J-O,OO-I 
76 NIV +O ,030 9.91 3 + O ,  017 -0.025 -0,036 -0,Ol I ~ 0 , 0 0 1  
77 NV +0.085 9.888 +0. 032 +O,013 +0,166 - 1,153 +0.008 
78 NVI +0,091 0,005 +O.  035 10.070 - 0 .  I IS -0.045 J-0,002 
79 01 i 0 . 1 6 4  0,140 +fi; 068 j-0:104 -0,232 -0,128 -0.007 
80 011 +0,175 0.150 S O ,  083 +0,127 -0.229 -0.102 -0,005 
81 0111 +0,077 9,985 + O ,  035 +O.O-3 -11,070 -0,013 - o.oc1 
82 OIV +0,024 9,960 -0,054 -0.054 +0.003 
83 ov +0.089 9.990 ,0.085 -0 007 0.000 
84 ovI +0.104 9,945 -0 073 0.057 - 0,003 
85 PI - 0.061 0,097 -0.076 -0  028 0,001 
86 PI I 0,005 0,014 -0  01q -O,W4 -0.002 
87 PI11 -0.045 9,936 - 0 :  027 - 0,073 - 0  013 -0.060 -0.003 
28 P I V  - 0,034 9.961 -0, 012 -0.013 - 0,057 0,044 -0,002 
89 PV 0,043 9,880 -0, 027 --0,050 -0.037 -0,013 -0,001 
90 PVI -0,004 0,005 -0, 010 -0,OLI +0.017 +0,035 T0.002 

based on the  conditions of calculat ing t h e  r e l a t i v e  i n t e n s i t i e s ,  corresponds t o  
h ,  = 500 mu. Thus, 

a = h,-1 - A  f -1- a = )."-I - ~ ~ - 1 .  

The values of a lC4 cm-' a r e  given i n  t h e  l a s t  column of  Table 2. On 
comparing the values of "a" with the  d i f fe rences  of G, - G, we see t h a t ,  a t  
equal i ty  or very s l i g h t  difference of  G, and G,, t he  values  of a l C r 4  a r e  
equal t o  zero or very small. For la 0 lC4  1 -s- 0.003 t h e  p a r t i a l  gradients  d i f f e r  
from t h e  t o t a l  by no more than 10.03, i.e., t he  t o t a l  and p a r t i a l  gradients  
p rac t i ca l ly  coincide. 

On the  b a s i s  of t h e  da ta  of Table 2 we can already draw quant i ta t ive  con
clusions as t o  t h e  magnitude of ' the  spec t ra l  and color di f fe rences  on t h e  lunar  
surface. 

The r e l a t i v e  spectrophotometric gradients  of l una r  ob\jects l i e  within t h e  
l i m i t s :  G from -0.06 t o  +O.W; GI from -0.8 t o  +0.1,9; G, from -0.20 t o  +0.52. 

If we express t h e  m a x i m u m  limits of t he  va r i a t ions  i n  the  spectrophoto
metric gradients  i n  a sca le  of spec t r a l  c lasses ,  based on su i tab le  Tables 
[ f o r  example, those by Al le r  (Bib l . l ) ] ,  it w i l l  be  found t h a t  t he  grea tes t  d i f 
ferences of t h e  spec t r a l  p roper t ies  of luxar d e t a i l s  are no more than 0.6 of the  
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spec t ra l  c l a s s  dG. 

The color excess CE, calculated from the  spec t ra l  curves, l i e s w i t h i n  the  
limits from -0401,t o  + O ? l 6 .  Thus, t h e  va r i a t ions  i n  the  color ind ices  on the  
l u n a r  surface, according t o  the  spectrophotometric observations, are 0:20. T h i s  
value ac tua l ly  coincides w i t h  t h a t  obtained by photometric cross  sect ions of our 
e a r l i e r  spectrograms (Sibl.7). However, t he  color excess i s  systematically re
duced by about 0:oL i n  comparison w i t h  t he  previous da ta  (Bibl.7), apparently 
due t o  the  method of determining the  color  excess. I n  our o ther  report ,  t he  

in t ens i ty  r a t i o  -,	I449 f o r  t he  invest igated object ,  w a s  determined from the  /160
& s o  

photometric p r o f i l e  of t he  spectrogram and, f o r  t h e  reference region, from a 
microphotogram of i t s  spectrum along the  dispersion. I n  spectrophotometering 
luna r  d e t a i l s ,  t he  i n t e n s i t y  r a t i o s  both i n  t h e  invest igated and i n  t h e  refer
ence regions w e r e  determined from microphotograms. The small systematic d i f f e r 
ence of CE obtained i n  e i t h e r  case i s  not of fundamental importance. 

L. Let us  now examine how t h e  spectrophotometric gradients  a r e  d i s t r ibu ted  
over t he  main morphological groups of  lunar  objects.  Table 3 contains the  
average values of t he  gradients  calculated f o r  n d e t a i l s  of a given group, and 
the  limits of changes or" t he  gradients.  

TilBLE 3 
--___.-- .. 

Mo rpho I ogi c ai  
I
1 GI I

IGroup 

Mer1 a t-0.10 +n.vs 
-0.02-+0.22 -0.08- +0.31 . -0.20-+!).23 

G n t i n e n t s  and + 0.10 + O . G 8  +0.13 
mounta lnous  regions -0.06-+0.35 1 -0.07-+0.34 -0.06- +0.52 

C r a t e r s  ( I l e h t )  +0.17 +0.18 +n.15 13 
-1 0.08-+0.41 1 -tO.O1-+0.49 $0.04 -+0.31 

Rays and h a l o e s  of t 0.10 - k O . I O  +0.12 
c r a t e r s  $0.07-+0.16  1 +0.03 +0.17 I +0.05-+0.23 

8 

A s  we see from the  da ta  of Table 3, the  maria of t h e  moon a r e  character
ized by t h e  smallest  average value of t h e  gradient and the  l i g h t  lunar  c r a t e r s  
by the  hlghest. The continents d i f f e r  from the  seas by a subs t an t i a l ly  g rea t e r  
gradient i n  the .ye l low spectrum region_ a t  an almost coinciding gradient i n  the  
Llue Legion. A t  t h e  same t i m e ,  G, > G2 f o r  seas; GI < G2 f o r  continents;  and 

> G2 f o r  c ra te rs .  The r g  sys-tems and haloes of t h e  c r a t e r s  d i f f e r  l e s s  from 
t h e  continents. For them, & c G2, and the limits of G, and G2 are appreciably 
narrower than f o r  c r a t e r s  and continents. The da ta  i n  Table 3 are i n  good agree
ment with our e a r l i e r  Table (Bibl.8), l i s t i n g  t h e  average values and limits of 
t h e  change i n  color  ind ices  f o r  d i f f e r e n t  morphological groups of l una r  objects.  

5. It i s  of i n t e r e s t  t o  def ine  the  degree of conformity of  t he  spec t r a l  and 
color  (color imetr ic)  cha rac t e r i s t i c s  of l una r  objects.  Spectrophotometry of 
numerous lunar  surface d e t a i l s  i s  very laborious; a t  t h e  r a the r  negl ig ib le  
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di f fe rences  i n  t h e  spec t r a l  p roper t ies  of  these  d e t a i l s ,  it hardly j u s t i f i e s  t he  
time spent for processing several  spectrograms of each d e t a i l .  On t h e  o ther  
hand, it i s  necessary t o  continue inves t iga t ions  of t h e  color  proper t ies  of  
mall lunar  a reas ,  so as t o  obtain conclusive da ta  on the  d i s t r i b u t i o n  of  color  
hues over t he  e n t i r e  v i s i b l e  I.unar surface, This raises the  ,moot question of 
the  p o s s i b i l i t y  and admiss ib i l i ty  of subs t i t u t ing  de ta i l ed  spec t r a l  character
i s t i c s  by colorimetric cha rac t e r i s t i c ,  namely, t h e  normal or spec ia l  color  
index. 

Figure 6 shows t h e  dependence of t he  t o t a l  gradient G on the  color  excess 
CE. This dependence i s  r e c t i l i n e a r ;  there  i s  a one-to-one correspondence between 
G and CE. With r a r e  exceptions, t he  devia t ions  of individual  po in ts  from a 
s t r a i g h t  l i n e  on the  graph do not  exceed 1.0:02 and c0.”03, i .e.,  they are within 
the e r r o r s  of determining CE and G. Taking i n t o  account t h a t ,  f o r  a l l  ob jec ts  
(as  shown i n  Table 2 )  /161 

and t h a t  t h e  spec t r a l  curves of t he  lunar  d e t a i l s  show no i n t e n s i t y  f luc tua t ions  
grea te r  than those due t o  possible  e r r o r s  of  measurement, then t h e  admiss ib i l i ty  
of subs t i t u t ing  t h e  colorimetric c h a r a c t e r i s t i c s  f o r  spec t r a l  character is
t i c s  seems jus t i f i ed .  

Fig. 6 

N.P.Barabashov (Bibl.2) showed t h a t ,  i n  the  case of  r e f l e c t i n g  objec ts  on 
the  ear th ,  t he  one-to-one correspondence of t h e  spec t r a l  curve with the  color  
index i s  not  always observed. One and t h e  same value of the  color  index may 
correspond t o  subs t an t i a l ly  d i f f e r e n t  curves. This phenomenon does not occur 
for t h e  lunar  surface, which grea t ly  s impl i f ies  t h e  problem of  colorimetric in
ves t iga t ion  of numerous lunar  objects.  O f  course, individual  s m a l l  nuances of  
the spec t r a l  curves when using the  color ind ices  will not be revealed and thus  
not be allowed for; however, a t  t h e  ex i s t ing  accuracy of photographic spectro
photometry it i s  doubtful t h a t  such f i n e  d i f fe rences  exist a t  a l l .  They a l so  
could not  be taken i n t o  account i n  s t a t i s t i c a l  invest igat ions.  

6. 	 L e t  us  b r i e f l y  discuss  the  d i f fe rence  in the  r e l a t i v e  spectrophotometric 
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gradients ,  calculated i n  half-ranges of t h e  invest igated spectrum region.
Generally speaking, t h e  difference i n  the  gradients  C, and Gz,  f o r  one and the  
same spec t ra l  curve, i s  not  surpr i s ing  s ince  even i n  aocase  of rad ia t ing  objec ts  
t he  gradients  i n  adjacent ranges of t he  order  of 1000 A need not coincide. A 
similar phenomenon i s  a l s o  completely possible  f o r  a r e f l e c t i n g  surface. I f  
the  spec t r a l  p roper t ies  of re f lec t ing  luna r  ob jec ts  w e r e  t o  d i f f e r  appreciably 
i n  spectrum energy d i s t r i b u t i o n  from t h e  proper t ies  of r ad ia t ing  objec ts  of a 
corresponding temperature, we could expect t h a t  t h e  values of G, and & would be 
i d e n t i c a l  only i n  rare cases. I n  o ther  words, t he  probabi l i ty  of Gz = C, could 
not appreciably exceed t h e  probabi l i ty  of o ther  r a t i o s  of C, t o  G2 since,  f o r  
equal i ty  of C, and G2, a very spec i f i c  i n t e n s i t y  d i s t r i b u t i o n  i n  the  spectrum 
would be required. However, as shown i n  Fig.7a, which dep ic t s  t h e  d i s t r i b u t i o n  
of ob jec t s  with respect  t o  values of a (see above), t he  p robab i l i t y  of coinci
dence of  p a r t i a l  gradients  by f a r  exceeds t h e  probabi l i ty  of o the r  conhinations 
of C, and Gz, and t h e  d i s t r i b u t i o n  curve d i f f e r s  very l i t t l e  from t h e  normal /162 

b 
N 
30 r::A.-r 

- - . . - -

a 
Fig. 7 

Gaussian law of d i s t r ibu t ion .  The l a t te r ,  however, i s  st i l l  unable t o  ind ica te  
a random character  of t h e  deviat ions of t he  values of a from zero, s ince t h e  
values of G a re  a l so  characterized by approximately t h e  same d i s t r i b u t i o n  curve 
(Fig.%). I f  a d e f i n i t e  re la t ionship  were t o  e x i s t  between G and a, then t h e  
d i s t r i b u t i o n  of t h e  ob jec t s  with respect  t o  t h e  quant i ty  G would be re f lec ted  
i n  t h e  d i s t r i b u t i o n  with respect  t o  the  values  of a. A s  i s  apparent.from Fig.t?, 
no cor re la t ion  between a and G i s  observed. The objec ts  a r e  concentrated i n  
t h e  region !a1 3 regardless  of t he  corresponding values of G. The deviat ions 
of a t o  e i t h e r  s ide  have an e x p l i c i t l y  random character  with respect  t o  G. I n  
the  region ! a \  3 ,  about .5@ of t h e  ob jec t  a r e  located,  i.e., f o r  half  t he  in
vest igated luna r  d e t a i l s  t h e  p a r t i a l  g rad ien ts  p r a c t i c a l l y  coincide with t h e  
t o t a l  gradient and with each other.  

It i s  d i f f i c u l t  t o  def ine  a t  present  whether t h e  random devia t ions  of a 
toward g rea t e r  absolute  values  a r e  due t o  real  cha rac t e r i s t i c s  of t h e  luna r  
surface o r  t o  some observation errors .  However t h e  f a c t  t h a t  most of t h e  in
vest igated objec ts  - regard less  of t h e i r  color  fvalues  of  G o r  CE) - reveal  only 
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a small difference of t h e  p a r t i a l  gradients ,  speaks i n  favor  of t h e  opinion 
t h a t  colorimetric measurements can,be used f o r  obtaining t h e  color character
i s t i c s  of  areas and d e t a i l s  OP t h e  moon. 

7. Spectrophotometry of lunar d e t a i l s  confirms t h e  existence of a correla
t i o n  between color and r e f l e c t i v i t y  of lunar  areas. A comparison of the  quanti
t y  G with the  quant i ty  log  GOQ(logarithm of the  r e l a t i v e  i n t e n s i t y  o f  t he  
lunar  d e t a i l )  shows t h a t  t he  t o t a l  gradient  of t h e  spec t r a l  curves increases  
w i t h  an increase i n  br ightness  of t he  objec ts ,  

Fig. 8 

8. A s  i s  known, Yu.N.Lipskiy i n  several  repor t s  (Bibl.L, 5, 6 )  showed t h a t  
t h e  polar izat ion of  l i g h t  i n  a given instrument may have a noticeable e f f e c t  on 
the  r e s u l t s  of spectrophotometric invest igat ions.  I n  order  t o  def ine the degree 
o f  po lar iza t ion  in our  i n s t m e n t a t i o n  (AZT-7 telescope w i t h  ASP-9 spectro
graph) we carr ied out  the  following small invest igat ion.  According t o  Yu.:’:. 
Lipskiy, t he  cha rac t e r i s t i c  of t h e  polar iza t ion  proper t ies  o f  a spectrograph 

i s  the  quant i ty  51 = -,	11 / I  which represents  t he  r a t i o  o f  the  i n t e n s i t i e s  o f  
IXL 

t h e  l i n e a r l y  polarized l i g h t  which passed through the  spectrograph when t h e  
polar iza t ion  plane was oriented p a r a l l e l  (1x1, ) and perpendicular ( 1 x 1 )  t o  t he  
s l i t  of t he  spectrograph. The quant i ty  E, may appreciably change along t h e  
spectrum. The degree of  change of  t h i s  quant i ty  with wavelength character izes  
t h e  d i s t o r t i o n s  introduced by the  spectrograph i n t o  the  spec t ra l  curves of /163
the  invest igated objects.  

I n  the  simplest case, we can obtain t h e  spectral-polarization character is
t i c  of the  instrument by using a na tu ra l  l i g h t  source and a Polaroid placed i n  
f ron t  of t h e  slit. A s  a na tura l  l i g h t  source, we used the  star L p a e  whose 
spectra  were‘photographed when t h e  star was almost a t  zeni th  i n  order  t o  avoid 
the  e f f ec t  of image vibrat ion.  Since the  pos i t ion  of  t he  polar iza t ion  plane of 
t he  Polaroid was not known, the  spectra  of t h e  star were photographed a t  angles 
of ro ta t ion  of t h e  Polaroid cz,  read from an a rb i t r ay7  zero-point every 3 6 .  
Having taken the  i n t e n s i t y  r a t i o  measured or! t he  negative f o r  the  mutually per
pendicular pos i t ions  of t he  Polaroid, we obtained a s e r i e s  of  valu.es ?!\: ?\ = 

- lac’, one of which w i l l  most c lose ly  correspond t o  the  requ.ired values
Ixwt.90 

of f ix .  The d i f fe rence  i n  o r i en ta t ion  of t h e  po lar iza t ion  plane of the Polaroid 
from t h e  pos i t ion  p a r a l l e l  and perpendicular t o  t h e  s l i t  cannot exceed 15’ i n  

188 




t h i s  case. Table L shows the  monochromatic values of B i  f o r  four  combinations 
of mutually perpendicular pos i t ions  of  t h e  Polaroid,  whose angles cr) are desig
nated as indexes of I. The las t  column of t h e  Tzble gjlves t h e  value of t he  
i n t e n s i t y  r a t i o s  of spectra ,  photographed a t  i d e n t i c a l  pos i t ions  of t h e  polaroid. 

TABLE L 

la, : I o  11:o :130 1150 : rm 
- ~~ 

390mp 0.93 0.97 I .oo 1 . I O  1.05 
400 0.93 0.98 0.99 1.OB 1.04 
410 0.93 0.98 0.99 1.07 0.99 
420 0.95 0 .99  0.98 1.07 1 .oo 
430 0.94 0.99 0.99 1.06 0.98 
440 0.93 0.95 1 .oo 1.07 0.99 
450 0.94 I .oo 0.9Y 1.05 1 .oo 
460 0.97 1.03 1.01 1.01 0.98 
470 0.98 1 .OB 0 .99  1.04 1 .OO 
480 0.95 1 .OB 1 .oo 1.06 1.04 
490 0.97 1.02 1.02 1.04 0.97 
500 1 .oo 1 .co I .oo 1 .oo I .oo 
51U 1 .oo 0.99 1 .O@ 0.99 1.01 
520 0.97 1.01 1 .oo 1 .oo 1 .oo 
530 0.99 1.01 0.97 1 .oo 1.01 
540 0.97 1.02 1.00 I .oo 0.99 
550 0.97 1.02 1 .oo 1 .oo 0.98 
5GO 0.94 1.01 0.98 1.02 0.95 
570 0.95 1.01 0.97 1.01 0.98 
580 0.95 0.99 0.96 1.01 0.99 
590 0.98 1 .oo 0.98 1 .oo 0.99 
6n0 0.99 1.01 1 .Ob 1 .oo 0.99 
610 0.94 1-01 0.99 1.04 0.94 
620 0.94 1.02 0.98 0.99 0.91 

The i n t e n s i t y  ra t ios  a t  A = 500 mu i n  a l l  columns are taken as equal t o  
1.00. A s  shown i n  the  Table, t h e  value of a; undergoes only minor va r i a t ions  
w i t h  t he  wavelength, usua l ly  not  exceeding lC$ and more l i k e l y  associated with 
e r ro r s  of measurement than with the  e f f e c t  of p o l a r i z a t i o q o f  t h e  spectrograph. 

Actually, t he  values of -I:, from the  l a s t  column suffered t h e  same changes &1: 

a s  the  values of 8: i n  o the r  columns. Since t h e  polar iza t ion  i n  t h e  op t i ca l  
system of the  telescope causes t h e  l i g h t  of  t h e  star, even before  passing through 
the  Polaroid,  t o  become p a r t i a l l y  polarized, t h e  obtained da ta  ind ica t e  t h a t  
our instrument had only a negl ig ib le  e f f e c t  on t h e  obtained relative i n t e n s i t y  
d i s t r i b u t i o n  i n  the  spec t ra  of obJe,cts with low polar iza t ion ,  which includes t h e  
moon i f  it i s  photographed not c lose t o  t h e  quadratures. 

9. Thus, t h e  p r inc ipa l  conclusion of  our spectrophotometric and spectro
colorimetric inves t iga t ions  of t h e  lunar  surface i s  t h a t  t h e  co lor  cont ras t s  
of t he  outermost c rus t  of t h e  moon a r e  very small, although they can be detected 
by a l a r g e  number of measurements of t h e  color of each ind iv idua l  object.  The 
spec t r a l  d i f fe rences  of lunar ob jec t s  are not more not iceable  than the  color i 
metric d i f fe rences  and a r e  expressed only by minor changes i n  t h e  slope of t h e  
spec t r a l  curves. 
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CERTAII.! COI~SIDEEATIONSOM THE CONDITION OF THE 
LUKAR SURFACE 


V. G .Teyf e l  * 

In almost all colorimetric inves t iga t ions  of t h e  moon, we note t h a t  with 
an increase of t he  br ightness  of t h e  lunar  d e t a i l s  t h e i r  color index increases,  
i.e.,  the  l i g h t e r  ob jec ts  appear more reddish. Spectrophotometric investiga
t i o n s  by the  author (Bibl.5, 6 )  led t o  the  same resu l t .  

One of the  repor t s  (l3ib1.5) contains a ca lcu la t ion  f o r  t he  theo re t i ca l  
cor re la t ion  between color and br ightness  of t he  d e t a i l s  of t h e  luna r  surface,  
assuming the  presence of a ce r t a in  d i s c r e t e  cover superposed on t h e  subjacent 
surface. Depending on t h e  color  and br ightness  of t h e  cover and t h e  subjacent 
surface,  there  i s  a va r i a t ion  i n  the  curvature and slope of the  curves of color 
ir,dex versus logarithm of r e l a t i v e  i n t e n s i t y  (br ightness)  of t h e  objects.  It 
was demonstrated there  t h a t  t he  theo re t i ca l  curves agree with the  observational 
data. 

CE 

Fig. 1 

I f  we extend the  curves (Bib1.5) i n t o  t h e  region of Bo > 1, L e . ,  i f  we 
change over t o  objec ts  t h a t  a r e  l i g h t e r  and more reddish than t h e  reference 
area of t h e  lunar  surface,  then we can compare t h e  theo re t i ca l  curves with the  
r e s u l t s  of observations c i t ed  i n  our o ther  report  (Bibl,6). 

The theo re t i ca l  curves, prolonged i n t o  t h e  indicated region, are shown i n  
Fig.1. L e t  us compare t h e  graphs of t he  cor re la t ion  between color  and br ight
ness of lunar obJects  ir, i h i s  repor t  (Ribl.6) and the  t l - x r e t i c a l  curves. It 
i s  c p i t e  obvious t h a t ,  f o r  a l l  studied regions of t h e  luna r  surface,  t h i s  de
pendence of  color  exce'ss CE on log  I which, i n  first approximation, i s  charac-



t e r i zed  by a s t r a i g h t  l ine,  can be s a t i s f a c t o r i l y  presented b:r e i t h e r  one of 
t h e  theo re t i ca l  curves i n  Fig.1 (Le. , by these or o the r  values of t h e  parameter 
k ) .  Figure 1claa r ly  shows t h a t  t h e  t heo re t i ca l  curves have the  g rea t e s t  cmva
t u r e  near zero, t o  which the  "subjacent" surface corresponds. The absence of  
a noticeable curvature on the  graphs (Bibl.6) apparently ind ica t e s  t h a t ,  a t  /165 
such an in t e rp re t a t ion  of t he  observational da ta ,  a l l  invest igated objec ts  - in
cluding t h e  reference objec t  - l i e  t o  one s ide  from the  zero point  o f  t h e  theo
r e t i c a l  curve, i.e., not one of t h e  invest igated areas of t h e  moon can be taken 
a s  the  "subjacent" surface. 

The agreement of the  observations and t h e  theo re t i ca l  curves i n  our case 
can i n  no way be considered a confirmation of t he  theo re t i ca l  calculat ions of 
t he  scheme of the  outer  l aye r  of t h e  moon i n  the  form of a subsurface and d is 
c re t e  cover. Such a scheme does not correspond t o  modern da ta  on t h e  stricture 
of the  lunar  surface and i s  taken only as the  simplest  scheme f o r  calculat ing 
t h e  re la t ionships  of color  and brightness.  Nevertheless, t h e  same ca lcu la t iocs  
can be used a l s o  for another, more r e a l i s t i c  scheme. We w i l l  make an attempt 
t o  def ine the  possible  and impossible causes f o r  t h e  dependence of t he  color on 
the  br ightness  of lunar surface d e t a i l s .  

A t  present,  the  most popular hypothesis i s  t h a t  we do not observe t h e  lunar 
rocks themselves but  only t h e i r  surface which has been worked and a l t e r ed  a s  a 
r e s u l t  of various ex terna l  (exogenous) influences:  from u l t r a v i o l e t  and cosmic 
rad ia t ion  t o  meteorites.  Most of t he  Soviet  inves t iga tors  agree t h a t  the main 
ro l e  i n  t h e  change o f  p roper t ies  of t h e  luna r  surface i s  played by meteorites 
whose co l l i s ion  with the  lunar  surface i s  accompanied by explosions t h a t  l ead  
t o  t he  formation e i t h e r  of vas t  amounts of dus t  o r  of porous cinder whose opt i 
ca l  and physical p roper t ies  d i f f e r  from t h e  o r ig ina l  surfzce.  The l a t t e r  theory 
would elegant ly  explain the  absence of major color con t r a s t s  and the  low heat 
conductivity of t h e  outermost l aye r  of t he  moon. 

However, it i s  impossible t o  explain the  existence of t he  interdependence 
of color  and br ightness  on the  lunar surface by t he  e f f e c t  of meteorites. During 
the  time of existence of the  lunar  c rus t  [even during t h e  las t  stage of forma
t ion ,  according t o  A.V.Khabakov (Bibl.7)]- it w a s  bombarded by meteorites t o  the  
same extent  over a l l  i t s  par t s .  There i s  no doubt t h a t  t h e  uniform meteor im
pacts  led t o  a uniform d i s t r i b u t i o n  of t h e  products of such impacts over t h e  
e n t i r e  lunar  surface and thus could not  be accompanied by the  formation of l i g h t  
and dark,variously colored, a r eas  on the  moon. 

On t h e  o ther  hand, some observations poin t  toward the  p o s s i b i l i t y  t h a t  t he  
regular  incre'ase i n  color  index with increase i n  re f lec tance  i s  a cha rac t e r i s t i c  
of t h e  petrographic composltion of lunar  rocks. Although, on ear th ,  bas ic  and 
u l t r abas i c  magnetic rocks are characterized by a dark or greenish color whereas 
ac id i c  magmatic rocks a r e  l i g h t e r  and more reddish, it i s  impossible t o  de t ec t  
any noticeable cor re la t ion  between color and br ightness  of various rock types,  
as w a s  shown i n  comparisons made by N,N.Sytinskaya (Bibl.3). Therefore, t he  
i n t e r r e l a t i o n  of color  and br ightness  of t he  lunar surface areas can be explained, 
i n  a l l  probabi l i ty ,  as follows: Before formation of t h e  b e l t  of lunar  seas, t he  
e n t i r e  c rus t  of t h e  moon consisted mainly of l i g h t  reddish, possibly ac id ic ,  
rocks. During t h e  formation of t h e  seas, t h e  eruption of dark lava,  a t  p laces  
of gigant ic  col lapses  of t h e  lunar crus t ,  flooded t h e  remains of t h e  c rus t ,  



fusing with them. T h i s  led t o  t h e  formation of  l i ,qh t  patches and s t reaks  on 
t h e  present surface of t h e  luna r  seas. This i s  how V.V.Sharonov explains t h e  
o r ig ins  o f  t he  ghost c r a t e r s  on t h e  surface oLc t h e  m a r i a  (Hib1.9). Depending 
or! t h e  degree of d i s in t eg ra t ion  of t h e  l i g h t  substance o f  t h e  c m s t ,  t h e  r e s u l t  
of fusion of t h e  dark lava with t h e  l i g h t  substance w a s  t h e  appearance of 
patches with d i f f e r e n t  r e f l ec t iv i ty ,  d i f f e r e n t  color ,  and d i f f e r e n t  polar iz ing 
capacity which a l s o  c o r r e l a t e s  with t h e  br ightness  of  t h e  ob>ects,  as demon- / l h 7  
strated i n  the  invest igat ions by IJ .Is; .Sytinskaya (Hibl. L. )  and V.P .Dzhapiashvili 
(E.ibl.1). I f  t h e  lava ,  jus t  as t h e  ea r th ' s  bas i c  rocks, had a greenish hue ( i n  
comparison with a c i d i c  rocks), then the  dependence of co lor  on br ightness  would 
be exactly as it i s  observed on t h e  moon. Thus, t he  color- t~-br ightness  r a t i o  
has t o  do with i c t e r n a l  (endogenous) processes on the  moon. 

If we assume t h a t  t h e  fusion of  t h e  l i g h t  and dark substance i n  t h e  seas  
occurred withoiit appreciable change i n  t h e  physical p rope r t i e s  of t h e  sub
stances, then our calculat ions of  t h e  t h e o r e t i c a l  r a t i o  of color t o  br ightness  
car! be applied without change t o  such a process, considering t h a t  s i s  t h e  por
t i o n  OF l i g h t  substance pe r  u n i t  surface of  a given l u n a r  area. A s  indicated 
before (nibl.6), t he  color-to-brightness r a t i o  i s  most d i s t i n c t  i n  t h e  maria, 
i .e . ,  exactly w h e r e  t h e  processes of fusion of  l eucoc ra t i c  and melanocratic 
rocks occurred most frequently. On the continents these  processes could not 
take place half  as  of ten ,  and mainly occurred during l ava  eruption from cra te rs .  
I n  tne region of t he  remains of s m a l l  s ea s  of  an ea r ly  period i n  t h e  continental  
zor->e, a l ~ o s thidden by younger c r a t e r s  and mountain formations, t h e  processes 
were somewhat d i f f e r e n t  bu t  also could have led t o  a similar r e l a t ionsh ip  be
tweeri color and brightness.  

Tne eyfec t  of meteorites ( regard less  of  t h e  type of  i t s  manifestation, 
formatior, o f  a dus t  l a y e r  or porous c inder )  should lower t h e  gradient of t h e  
color-to-brightness r a t i o ,  while simultaneously reducing t h e  difference i n  
col.or and br lghtzess  between the  seas and continental  regions. Thus, t h e  ob
served dependence of' color  on brightness no longer p e r t a i n s  t o  t h e  o r i g i n a l  
l una r  surface but  i s  a combination of  t h e  ac tua l  dependence of co lor  on bright
ness, due t o  t h e  fusion of  d i f f e r e n t  l una r  rocks and t h e  superposition of pro
ducts  r e su l t i ng  from t h e  churning of t h e  luna r  surface by meteorites. 

de w i l l  attempt t o  make a rough estimate on whether t h e  observed op t i ca l  
p rope r t i e s  o f  t h e  luna r  surface might be a consequence of  reworking of earth-
type rocks under t h e  e f f e c t  of exogenous fac tors .  Since we do not  know t h e  
mechanism of such reworking, w e  w i l l  introduce c e r t a i n  simplifying assumptions 
i n  t h e  calculation. 

L e t  lis assume t h a t  t h e  continents and mountainous regions on t h e  moon con
sist  of  a c i d i c  rocks and t h e  seas of melanocratic b a s i c  rocks. 

'de w i l l  s t i p u l a t e  t h a t  t he  substance obtained upon reworking by meteorites 
can be  represented as a combination of t h e  o r i g i n a l  rock and a c e r t a i n  addition
a l  substance. The re la t ive  quant i ty  of  t h e  o r i g i n a l  rock p e r  u n i t  surface w i l l  
be denoted, i n  t h i s  case, by f and t h e  add i t iona l  substance, by (1-f). As opti 
c a l  c h a r a c t e r i s t i c s  of  t h e  terrestrial  and lunar rocks, we wi l l  t ake  t h e  bright
ness  coe f f i c i en t  o ar.d t h e  co lor  excess relative t o  t h e  sun D. We will consider 
as known t h e  values o f  t h e  br ightness  coe f f i c i en t  and of t h e  co lor  excess f o r  
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t he  lunar  maria ( p M  and D H ) ,  f o r  t he  cont inents  (ec and D e ) ,  f o r  t he  ear th’s  
ac id i c  magmatic rocks (pk and 4, ), -and f o r  t h e  bas i c  and u l t r abas i c  magmatic 
rocks (oo  and Do). Then, t he  values t o  be determined will be: t h e  r e l a t i v e  
port ion of the  o r ig ina l  rock i n  the  reworked outer  l a y e r  of the  luna r  surface 
( f ) ,  t h e  brightness coef f ic ien t ,  and t h e  color  excess of t h e  addi t ional  sub
stance (P, and D, ). 

L e t  u s  now set up the  following equations: 

The br ightness  coef f ic ien t  of a region of t he  lunar  surface can be repre
sented‘ a s  

PL = P f f  i-Px ( 1  - f )  9 (1) 

where p L  i s  the  br ightness  coef f ic ien t  of t he  lunar  surface and e T  i s  t h e  /16& 
brightness  coef f ic ien t  of t he  t e r r e s t r i a l  rocks whtch, according t o  our assump
t ion ,  should y ie ld  - a f t e r  reworking - t h e  same op t i ca l  e f f e c t  as the  observed 
lunar  surface, 

and 

To express the  color excess, we w i l l  use eq.(12) from our o ther  paper 
(Bibl.5). This formula, w i t h  t he  notations accepted here, w i l l  read 

where C L  i s  the  color index of t h e  lunar  surface,  Co i s  the  color  index of t he  
sun i n  nonlogarithmic form, and h,X2 a r e  t h e  wavelengths a t  which the  color  in
dex i s  calculated,  We w i l l  transform the  formula, dividing the  numerator and 
denominator of the  right-hand s ide  by p x ~ , p T x ,  : 

+ -.-PT A, 1 
*t- PT A, P x A ,  

I“ 0  + - .f 
PXA, 

Further, on multiplying t h e  numerator and denominator by p T x 2 ,  we obtain 

CT c x  
The values of T,

CL =,and coa r e  the  color  excesses of the  objec ts  re la

t i v e  t o  t h e  sun, expressed i n  nonlogarithmic form. We will denote them, re
spectively,  by DtL, DtT, and Dtx. Then, eq. ( A )  w i l l  take the  form 
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\?e wil l  omit t h e  ind ices  A,, i n  v i e w  of t h e  fact  t h a t  t h e  r a t i o  of t h e  bright
ness coef f ic ien ts  a t  t h i s  wavelength i s  equal t o  t h e  r a t i o  of t h e  i n t e g r a l  co
e f f i c i e n t s ,  s ince A, i s  close t o  the  e f fec t ive  wavelength of t h e  v i s i b l e  spec
tm, region i n  which p i s  determined. 

T h i s  y i e l d s  equations for t h e  br ightness  [eq.(l)]  and t h e  color  [eq.(5)] 
of t h e  lunar regions. Each of these  equations can be wr i t ten  f o r  t h e  seas and 
continents of the  moon, by subs t i tu t ing  the  corresponding values of p and D’ 
i n t o  t h e  equations. We must assume t h a t ,  f o r  both seas and continents, t h e  in
troduced conditional q u a n t i t i e s  f and p x  are ident ical .  I n  t h i s  case, we a r e  
j u s t i f i e d  t o  simultaneously solve t h e  system of equations set up f o r  the  seas 
and continents. Such an a s s u p t i o n  i s  not q u i t e  rigorous, i f  we take the  hy
pothesis  of meteori t ic  cinder on the l u n a r  surface. However, not knowing the 
t r u e  processes on t h e  lunar  surface,  we cannot make more d e f i n i t e  assumptions 
as t o  the  propert ies  of t h e  addi t ional  substances or derive even more complex /169
equations. 

The paper by V.V.Sharonov (Bibl.8) gives the extreme and average values of 
D and D ,  for various groups of  rocks. The values of p f o r  lunar  regions a r e  
taken from the paper by L.K.bdlova (I3ib1.2). The values of D for lunar objec ts  
will be calculated on the  b a s i s  of t h e  da ta  i n  our o ther  report  (Bibl.6), w i t h  
consideration o f  the color  excess common t o  the  e n t i r e  moon and determined by 
V.V.Sharonov, D)=+0,m33. 

F i r s t ,  we will perform calculat ions with t h e  average values of t h e  opt ica l  
c h a r a c t e r i s t i c s  f o r  each group of  examined t e r r e s t r i a l  rocks and lunar regions. 
These values a re  shown i n  Table 1. 

TABLE 1 


B a s i c  m a m a t i c  rocks  

A c i d i c  magmatic rocks  

Moon - Maria 

Moon - Continents 


i .2  w i l l  f ind t h e  values of p x  and 

0.14 	 -O.*01
-lo.  39;::: j +u. 30 

0.13 +O. 35 

1 .M)
1 . 4 3  
1.32 
1.38 
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This y i e lds  f = 0.5 and 0, = 0.02. To determine D: , it i s  necessary t o  

subs t i t u t e  t h e  values of D:, f ,  and i n t o  eq.(5>. The solut ion o f  t h i s  
Q X  

equation f o r  continents and ac id i c  rocks l eads  t o  a value of D: = 0.68 o r  D, = 
= 4 3 1 .  For seas and bas ic  rocks, we obtain D: = 3.56 o r  D, = +1?38. Obvious
l y ,  the  values d i f f e r  great ly .  Let u s  determine t h e  r e s u l t  i f ,  f o r  t he  t e r 
restrial rocks, we take the  smallest  values of o corresponding t o  the  dispersior! 
o f  br ightness  of t e r r e s t r i a l  rocks, as calculated by V.V.Sharonov. These values 
a r e  on = 0.09, ok = 0.16. A system of  equations analogous t o  t h a t  giiven e a r l i e r  
(Bibl.6) y i e lds  f = 0.7, P, = 0.06. Then, a t  the  average values  o f  and @ , 
we obtain D: = 6.94 o r  D, = -O:C% f o r  t he  cont inents  and D: = 2.5 o r  D, = +1:06 
f o r  t h e  seas, The d i f fe rence  i n  D,, as usual ,  remains subs t an t i a l  and ind ica tes  
t h a t  one and the  same addi t iona l  substance cannot possibly be s u f f i c i e n t ,  re la
t i v e  t o  br ightness  and color  proper t ies ,  f o r  reducing t e r r e s t r i a l  ac id i c  rocks 
t o  t h e  o p t i c a l  p roper t ies  of lunar  continents o r  bas ic  rocks t o  the  opt ica l  
p roper t ies  of lunar  seas. With respect  t o  br ightness  proper t ies ,  t he  reworking 
of t e r r e s t r i a l  rocks, r e l a t i v e  t o  the  addi t ion of some substance, can be reduced 
t o  a single-valued r e s u l t  f o r  seas  and cont inents ;  f o r  obtaining the  observed 
color cha rac t e r i s t i c s ,  t he  reworking of t e r r e s t r i a l  rocks, i n  t he  case of  ac id i c  
rocks and continents,  should tend t o  an increase i n  color excess, i .e.,  be 
equivalent t o  the  addi t ion of a greenish substance and, i n  t he  case of bas ic  
rocks and seas, should tend t o  the  addi t ion of a reddish substance. 

This i s  d i f f i c u l t  t o  co r re l a t e  with any known form of exogenous influence 
on the  lunar  surface, It cannot be assumed t h a t ,  on the  continents,  t he  cinder 
o r  dust  formed on impact of meteori tes  should be appreciably greener (or b lue r )  
than t h e  o r ig ina l  rocks, whereas i n  the  seas  the  reverse should be t rue.  Of /170 
course, by the  t r ia l -and-error  method one can f ind combinations of t e r r e s t r i a l  
bas ic  and ac id i c  rocks which would give color and br ightness  values close t o  
those f o r  t h e  lunar  surface,  a t  i den t i ca l  values  of a, and D, for seas and con
t inents .  However, t h i s  method i s  l a rge ly  conditional s ince there  i s  no , jus t i f i 
cat ion t o  give preference t o  any type of combinations, 

As s ta ted  previously, t he  calculat ions a r e  q u i t e  rough and approximate, 
since the  mechanisms of  possible  exogenous ac t ions  and physical processes a r e  
s t i l l  unhown; nevertheless,  t h e  q u a l i t a t i v e  r e s u l t  will not be contradictory 
under o the r  assumptions. 

Apparently, t he  o r ig ina l  l una r  rocks which had not been subject  t o  exogen
ous inf luences d i f f e r  i n  t h e i r  o p t i c a l  p roper t ies  ( i n  any case, i n  co lor )  from 
t e r r e s t r i a l  rocks i n  t h a t  a smaller d i v e r s i t y  i n  color e x i s t s  between the  con
t i n e n t a l  and sea regions. However, this does not necessar i ly  mean a d i f f e r e n t  
petrographic composition of t h e  primary lunar .  rocks. Their subsequent reworking 
under the  e f f e c t  of endogenous f ac to r s  such a s  eruption, refusion, e tc . ,  could 
i n  i t s e l f  lead t o  an averaging of t he  brightness-color propert ies .  I n  t h i s  
case, t he  e f f e c t  o f  meteorites and o ther  exogenous f ac to r s  might r e s u l t  i n  a 
pos i t ive  color excess with respect  t o  t h e  sun, i .e . ,  the  reddisn hue character
i s t i c  f o r  t h e  e n t i r e  moon, even for i t s  most greenish and bliAsh areas.  

The above statements permit t h e  following conclusions: 
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1. The ori@nal lunar  surface,  which had not been subject  t o  exogenous in
fluences, l a te r  i n  t h e  lunar h is tory  possessed smoothed brightness-color proper
t i e s ,  d i f f e r i n g  from those of  terrestr ia l  magmatic rocks. 

2. The rocks of an early lunar  period might have been similar i n  op t i ca l  
p roper t ies  t o  terrestr ia l  a c i d i c  and bas i c  m a p a t i c  rocks, bu t  l a te r  underwent 
extensive reworking by endogenous processes, which i s  indicated i n  p a r t i c u l a r  
by the  observed color-brightness dependence of t h e  lunar  ob,jects and by i t s  
comparison with theo re t i ca l  calculations.  

3. The e f f e c t  of  meteorites and o ther  exogenous f ac to r s  led  t o  a fu r the r  
reduction in t h e  brightness-color contrast  and t o  the  formation of a reddish 
hue, cha rac t e r i s t i c  for t he  e n t i r e  l una r  surface. 

These conclusions, j u s t  as most o the r  attempts t o  explain t h e  observed 
op t i ca l  propert ies  of t h e  lunar  surface, only cons t i tu te  working h:ypotheses, 
which w i l l  hzve t o  be checked b:? fu r the r  observations. 
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SPECTROPHOTO~IFX'RYOF ASTEEOIDS (L)VESTA AI" (15)EUIiOMIA /171 
V.G.Teyfe1' 

I n  1955 - 1956, using the  Bredikhinskiy astrograph w i t h  an object ive W 
prism (c = 13' ), t h e  author photographed t h e  spectra  of c e r t a i n  asteroids .  The 
photographic p l a t e s  used were Agfa Astro Panchro-mtisch, Agfa Isopan ISS, and 
Agfa Spektral  Rot Rapid. Cal ibrat ion was performed by photographing the  spectra  
o f  CY Lyrae through d i f f e r e n t  diaphragms. Unfortunately, many negatives proved 
unsui table  f o r  ana lys i s  f o r  t he  following reasons: 

To obtain the  spectrogram of an as te ro id  weaker than 6"., an exposure of 
a t  least 1.5 - 2.5 h r s  i s  needed. During t h i s  time t h e  p l a t e  i s  severely fogged 
by the  background of the  sky. To shorten t h e  exposure, it i s  necessary t o  
photograph very narrow spectra ,  A t  t he  small dispers ion of t he  oblect ive prim., 
such spectra  cannot be measured on t h e  microphotometer w i t h  su f f i c i en t  accuracy. 
On ce r t a in  negatives, t he  spectra  of the  a s t e ro id  were superposed on the  spectra  
of some s t a r  or were very f a i n t ,  

Therefore, it was necessary t o  e l iminate  from a de ta i l ed  ana lys i s  t he  
spectrograms of Metita, Pallada,  Ju l i a ,  Bamberga, and Amphitrida. The spectro
grams of Vesta, f o r  which t h e  grea tes t  number of  negatives were obtained i n  
1956, and the  spectrograms of t he  as te ro id  i&nomia which was su f f i c i en t ly  b r igh t  
i n  1955, were analyzed. 

( ~ ) V e s t a  

Twenty-four spectrograms of Vesta were obtained i n  April-June 1956 a t  ex
posures from15 t o  60min. I n  Ju ly  1956, I.D.Kupo made several  attempts t o  
photograph the  spectrum of Vesta with am objec t ive  prism producing a la rge  d is 
persion (u = 20' )  on I l f o r d  F'PL p l a t e s  a t  an exposure of 30 - 60 mirl; however, 
a t  t h a t  time t h e  br ightness  of Vesta dimmed, and the  spectra  were underexposed. 

For a spectrophotometric t i e - in  o f  t h e  extremely f e w  stars on the  negatives 
with the  spectra  of Vesta, we selected those most su i t ab le  i n  spec t ra l  c l a s s  
and c loses t  i n  br ightness  t o  t h e  invest igated as te ro id  (Table 1). 

The stellar magnitudes of  t h e  spec t r a l  c l a s s  a r e  given i n  conformity with 
the  HD (Henry Draper) catalogue. 

A l l  spectrograms were measured on an EIF-lL recording microphotometer. After  
the  conventional conversion of blackening t o  i n t e n s i t i e s ,  t he  spectrophotometric 
gradients  of Vesta were calculated r e l a t i v e  t o  comparison stars. We found t h a t  
t he  spectrophotometric gradient of Vesta can be r e l i a b l y  obtained i n  the  spec
t r u m  region of )i. = 380 - 500 mp. A t  l a r g e r  values of X, it i s  d i f f i c u l t  t o  /172
draw the  l i n e  of the  gradient ( s t r a igh t  l i n e ) .  This i s  apparently due to t h e  
cha rac t e r i s t i c s  of t h e  r e f l ec t ion  of s o l a r  rays  inherent  t o  Vesta i t s e l f ,  s ince 



TABLE 1 


12S655 -1'289 I 7."'17 7. *27 A 2  
I28461 -303649 7, 61 GO 
122106 1 -203768 I i :  :5 I 6 .  72 F5 

t h e  gradient of a star of  c l a s s  Go,  r e l a t i v e  t o  a star of c l a s s  A 2 ,  f o r  t he  same 
negatives i s  relia'tjl;; determined i n  t h e  range of X = 380 - 600 my. 

Table 2 shosrs t he  da t e s  of observation, exposure (T) ,  value of  t h e  spectro
photometric gradient  of  Vesta r e l a t i v e  t o  a star k2 (aA) and r e l a t i v e  t o  a 
s t a r  Go ( y v G), and t h e  spectrophotometric gradient  of  a star (hr e l a t i v e  t o  a 
s t z r  ~2 (gGA ). 

TABLE 2 

+ 
v 3  1 . .?I 
v 4  9-10 45 I .59 
v 5  1 0 - 1 1  60 I .77 
V 6  11-12 40 1 .f iO 
v 7  12-13 4 5 1.68 v u  13-14 30 1.84 
VI0 17-19 20 2.07 
VI I 18-19 15 1.84 

I .24:::; j 1.29 
0.48 1.15 
0.39 1 :29 
0.37 I .47 
- 

0.27 I .57 

The mean values of t h e  r e l a t i v e  spectrophotometric gradients  of Vesta a r e-
g,Aas f O ~ ~ O w s :  = +le73 10.07; E , ,  G = +0.39 10.04. 

I n  the  spectrum region of h > 500 m u ,  t h e  gradient of Vesta r e l a t i v e  t o  a 
s t a r  of c l a s s  A 2  i s  approximately equal t o  zero. A s  indicated by the  da ta  i n  
Table 2, the  va r i a t ions  i n  the  gradient  of  Vesta and of a star G o  r e l a t i v e  t o  a 
star A2, from night t o  n ight ,  occur approximately i n  t h e  same limits and i n  the  
same d i r ec t ion ;  therefore ,  it i s  impossible t o  a t t r i b u t e  t h e  va r i a t ions  i n  t h e  
gradient  of Vesta t o  ac tua l  changes i n  i t s  color. 

Seven spectrograms of  Vesta with exposures of 1 5  min, a t  l5-mi.n i n t e r v a l s  
between exposures, were taken on one negative on June 13 - 1L, 1956. T h i s  w a s  
done t o  def ine the  poss ib le  short-period changes i n  color  o f  t h e  as te ro id .  The 
spectrophotometric gradient  was determined r e l a t i v e  t o  a star of c l a s s  F5, t h e  
only su i tab le  comparison star on this negative. 

Table 3 shows t h e  values  of t h e  gradient  (gvF) and t h e  corresponding ex
posure i n t e r v a l s  ( T )  f o r  un iversa l  time, 
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TABLE 3 

No. of 

Negat ive  I r 

1 16h17m-16h32m 1 1.57 
2 16 45 -I7 00 1.38 
3 17 15 -17 30 1.10 
4 1 7 4 5  -18 00 1 :or 
5 18 15 -18 30 0.76
6 I8 45 -1900 1.43 
7 19 15 -1930 0.81 

A s  indicated by t h e  d a t a  i n  Table 3, t he  gradient of Vesta shows a gradual 
b u t  s ign i f i can t  decrease with time. Only one spectrum (rjo.6) y i e l d s  a value of 
gvF which con t r a s t s  sharply with t h e  main sequence. 

C.6 

Unfortunately, t h i s  s e r i e s  of spectrograms remained t h e  only series and it 
i s  not  possible  t o  repea t  photographing; i n  addi t ion ,  t h e  absence of o the r  com
parison stars on t h e  negative makes it impossible t o  check t h e  r e s u l t  anc! /173
t o  de t ec t  t h e  cause for t h e  change i n  gradient. Since t h e  condittons of photo
graphing and developifig i n  t h i s  case were exact ly  t h e  same, the systematic drop
i n  the  gradient might be  a t t r i b u t e d  t o  t h e  sequential. superposition o f  t h e  back
ground of t h e  sky. But the  last  two spectrograms speak more aga ins t  thar, for 
t h i s  effect .  I n  view of t h e  sca rc i ty  of  datc ,  there  i s  no assurance t h a t  t h e  
decrease i n  gradient i s  caused by a change in color of Vesta during i t s  rota
t ion .  tiowever, t h e  f a c t  i s  i n t e r e s t i n g  t h a t  t he  t i m e  of t h e  decrease i n  gradient 
i s  close t o  ha l f  t h e  vibrat ion period of t h e  br ightness  of Testa (2,ibl.l) and 
accordingly of i t s  co lor  ( B i b l .  2). 

From the. four best spectrograms we p lo t t ed  t h e  s p e c t r a l  cx-ve of ‘L‘estx 
r e l a t i v e  t o  a star of  c l a s s  Go. Table IC contains t h e  values of t h e  r e l a t i v e  
monochromatic i n t e n s i t i e s  (Ix) and t h e  standard deviat ion (z). The spec t r a l  
curve of Vesta i s  shown i n  Fig.1. 

A s  i s  apparent from t h e  d a t a  i n  Table lLand the  curve, t he  spectrum of  
Vesta is characterized by a maxi” i n t e n s i t y  c lose  t o  J = 180 mu and by a drop 
i n  intensitJy toward t h e  v i o l e t  and e spec ia l ly  toward t h e  red end of t h e  spectrum. 

L e t  us now compare our  results with previous invest igat ions of  Vesta. Onl:* 
t h ree  r epor t s  (Ribl.2, 3, 1,) have been devoted t o  a spectrophotometrFc study of  
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minor planets.  @.e of these (Bibl.2) contains no spec t ra l  curves of as te ro ids  
and only a q u a l i t a t i v e  comparison of microphotograms of t h e  spectra  of as te ro ids  
and other  c e l e s t i a l  objects.  

. 

3 

. _
~ 

-I 
3 ~ n m p  
390 

0.80 
0.90 

I .(IO 
0.97 

0.00 
11.07 

400 0.88 0 .w 0.07 
4 IO 0.89 0.01 5.30 0.92 0.06 
4 20 0.92 0.02 540 9.88 0.01 
4:)O
440 
4 53 

0.89 
0.89 
0.90 

C.03 
0.04 
0.04 

$5‘) 
S(j0 
570 

0.83 
0.78 
0.77 

0 . 0 4  
0.02 
U.03 

460 0.93 0.04 590 0.71 0.01 
470 1 .oo O . G 8  590 0.70 0.04 
4R0 1.04 600 0.69 0.04 
490 1 . O I  :::; I 

610 0.68 0.06 

I n  1933, A.I:.Deych (I3ibl.3) a t  Pulkovo, using t h e  same Rredikhinskig astro
graph w i t h  a UST prism, found i n  one observation t h a t  the  spectrophotometric /1?L 
gradient of  Vesta i n  t h e  range A = 360 - 50G mp, r e l a t i v e  t o  a star of c l a s s  
W - k ,  was equal t o  1.5. This value or“ the  gradient d i f f e r s  from ours. A grad
i e n t  close t o  the indicated one w a s  obtained i n  our  observations r e l a t i v e  t o  a 
star o f  c l a s s  A2. 

Jo’mson (Riblob) ,  in 1931,.,obtained seven spectrograms of Vesta on a Clark 
r e f r a c t o r  w i t h  a prism having a re f rac t ing  angle of 3’. A comparison w i t h  stars 
o f  c lasses  r 3 - h  l ed  t o  appreciably d i f f e r e n t  r e l a t i v e  i n t e n s i t y  d i s t r i b u t i o n  
curves ir! the  spectrum of Vesta even f o r  spectrograms obtained i n  one and the  
sane night,  so t h a t  it w a s  impossible t o  p l o t  an average spec t ra l  curve of 
Vesta. The color index of Vesta varied by more than l”.; Johnson considers t h a t  
the  changes i n  the  color  of Vesta have t o  do w i t h  the  change i n  i t s  brightness.  

’de can compare 0u.r r e s u l t s  w i t h  t h e  determinations of the  color ind ices  of 
as teroids .  Based on t h e  observations bgYe.V.Sandakova (Bibl. 5 )  the color  index 
of Vesta i s  equal t o  C I v  = +O?h? 1: 0510 (1950, n = 1);GI, = +O”.O A 0:05 (1951, 
n = 3 ) ;  n i s  the  number of observations. 

In  calculating, on t h e  b a s i s  of  our observations, t h e  color  excess of 
Vesta r e l a t i v e  t o  stars of  the c lasses  A 2  and Go, we obtain t h e  color index of 
Vesta as G I ,  = +0:69 rfi CEO5 ( f o r  an A 2  star, n = 6);  CI, = +0”.6 ( f o r  a Go star, 
n = L). 

A s  we see, the  f i r s t  value of t h e  color index v i r t u a l l y  coincides wi th  t h a t  
obtained by Ye.V.Sandakova. The difference of the  second value can be explained 
by an inaccuracy of t h e  photometric data  i n  t h e  HD catalogue, according t o  which 
t h e  color  indices  of t h e  comparison stars were determined. 
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(1.5)hknomia 


I n  October 1955, we obtained four spectrograms of t h i s  as teroid with ex
posures up t o  2 hrs .  Two of  t h e  negatives w e r e  su i tab le  f o r  analysis.  

The comparison stars were those given in Table 5. 

TABLE 5 

The spectrophotometric gradient of  the as te ro id  i n  t h e  A. = LOO - 520 mu 
range w a s  determined with respect t o  an A o  star. 

TABLE 6 

+
11-12 I + 1 1.61 
16-17 2h00m LJ! 1 ..38 

The gradient of a star of c l a s s  Go w i t h  respect t o  a star of  c lass  Ao i s  
given i n  t h e  l a s t  column. The var ia t ions  i n  t h e  gradients of hnomia and t h e  

Fig. 2 

s tar  are almost ident ica l ,  although opposite i n  s i p ,  The spectral  curve of  1175 
Zunomia w i t h  respect t o  a s tar  of c lass  Go i s  plot ted on the  b a s i s  of two ob
servations w i t h  an uncertainty (Fig.2). However, i n  any case t h i s  curve d i f f e r s  
from t h e  spec t ra l  curve cf Vesta by an appreciably smaller  i n t e n s i t y  drop i n  the  
yellow spectrum. 

The color index of Eunomia with respect t o  both comparison stars i s  almost 
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i dec t i ca l :  CI, = +0?57 t CEO2 (with respect  t o  t h e  A o  s tar);  CI, = +0:5L + 
+ 0:CZ ( w i t h  respect t o  t h e  GI star). 

According t o  the  observations by Recht (Ribl.6, 7), t h e  color  index of 
&"a is  

C I E =  +0."56. 

The agreement of  t h e  r e s u l t s  i s  very good, although it might be accidental .  
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CEXTAIP; RESULTS OF SPiXTROPHOTOI.iEI'R?! OF UiUIRJS 

I n  1956 - 1956, t h e  Observatoqr of t he  Astrobotany Sector obtained several 
spectrograms of  Uranus (Fig.1)  on a meniscus telescope AZT-7 W i t h  a s l i t  
spectrograph ASP-9. This a r t i c l e  g ives  t h e  r e s u l t s  of preliminary investiga
t i o n s  of  Uranus with respect t o  the  spectrograms, forming the  beginning of a 
planned regular  spectrophotometric study of t h e  atmosphere of g ian t  planets.  

The spectrograms w e r e  recorded on kgfa Spektral  Rot Rapid p l a t e s  a t  a s l i t  
width of 0.100 nun. The negatives were ca l ibra ted  by t h e  conventional method, 
using an echelon; t h e  l i g h t  source w a s  t h e  star CY Canis Fa jor i s .  The spectro
photometric s ca l e  w a s  recorded on each negative. A n a l p i s  w a s  car r ied  out on 
t h e  b a s i s  of t h e  monochromatic c h a r a c t e r i s t i c  curves p lo t ted  witn consideration 
of t n e  s e l e c t i v i t y  of t h e  echelon. For spectrophotometric co r re l a t ion  o f  t h e  
p l a t e  with t h e  spectrum of  Uranus, we photographed t h e  spectrum of a comparison 
star of an early spec t r a l  c l a s s  which a t  t h e  moment of photographing was a t  ;L 

zeni th  dis tance c lose  t o  t h e  zen i th  dis tance o f  t h e  planet. 

The b e s t  of t h e  spectrograms of Uranus w e r e  se lec ted  for ana lys i s  (Table 1). 

TABLE 1 

No. o f  
Neg a t  i ve Date 

12- i 3Ot f  1956 
9-10 febl957 

25-21jIn19,58
26-27 11 1958 
27-28 31 1958 
I I - 12Feb1958 

Continuous Spectrum 

Time 	o f  Photographine  
( U n i v e r s a l )  

Not recorded 
19h30m-2UhUuOm 
18 31 - 1 V  01 
17 55 -I8 20 
17 55 -18 20 
17 35 -18 00 

I n  studTing t h e  continuous spectrum o f  Uranus, we were  on-g ab le  -3  analyze 
two spectrograms (P2k and PL2) since, on a l l  o t h e r  negatives, t h e  blackening of 
t h e  spectra of Uranus and t h e  comparison stars d i f f e red  too  much, i .e. ,  they had 
t o  be  analyzed on d i f f e r e n t  segments of  t h e  c h a r a c t e r i s t i c  which, as  i s  known, 
i s  undesirable. 

The spectrograms of Uranus were rated on a recording microphotometer ?IF-L. 
The microphotometer t r ac ings  w e r e  analyzed J u s t  as those for Saturn (Bibl.1). /177 
The f i n a l  s p e c t r a l  curves were p lo t t ed  from t h e  values  

'A'' ~ = = ~ ~  



wnere 1; i s  the  i n t e n s i t y  of Uranus with respect t o  the  i n t e n s i t y  of t he  refer
ence object  a t  t he  wavelength ?, ; i s  the  same f o r  A = 500 mp, %.e. , t he  in
t e n s i t y  a t  ?, = 500 ms w a s  taken as equal t o  uni ty ,  as i s  conventional i n  planet
a ry  spectrophotometry. Since t h e  negatives P2h and P L 2were obtained i n  d i f f e r -

Fig. 1 


ent  years,  t he  comparison stars on them were d i f f e r e n t ;  on t h e  negative P2b, 
R Leonis and on t h e  negative PL2, y Geminom. Table 2 shows t h e  i n t e n s i t y  
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d i s t r i b u t i o n  in t h e  spectrum of Uranus with respect  t o  these  comparison stars. 

The spectrum of  Uranus was  t ransected by  several  wide absorption bands of 
methane, which have an  appreciable e f f ec t  on t h e  apparent co lor  of the  plznet.  
Therefore, it w a s  necessary t o  d is t inguish  t h e  apparent color  index of Uranus 
(GI,) from the  t r u e  (GIt). The apparent color index of  Uranus i s  always l e s s  
than the  t r u e  index, s ince t h e  presence of zbsorption bands i n  t h e  red spectrum 
region makes t h e  p lane t  appear b luer  than it would be from t h e  energy d i s t r ibu 
t i o n  i n  i t s  continuous spectrum. Thus, t he  t r u e  color  index must be calculated 
from t h e  continuous spectrum, and t he  apparent color  index must be determined 
from the spec t ra l  curve p lo t ted  with allowance f o r  t he  absorption bands. 

TABLE 2 

5311 


P 24 


1.048 

1.320 

1.400 

1.500 
I .600 
1. b90 
1 .I40 
1.770 
1.780 
1.770 
1.750 
1.710 

-
~ 4 2  


1 , O I c )
1,110 
1.180 
1.260 
1.310 
1.350 
I .3XJ 
1,410 
I .420 
1.410 
1,740 
1.380 


a90 

400 

410 

420 

430 

440 

450 

460 

470 
4 80 
490 
500 

P24 


0.305 

0.4 42 

0.503 

0.550 

0.556 

0.646 

0.835 

C.913 
0.955 
0.995 
1 .OlO 
1 .Ooo 

0.543 

0,562 

0,588

0.690 

0.794 

0.872 

0.912 

0.955 

0.977 

1.O00 


540 

550 

560 

570 

580 

580 

600 

610

I 620 

The i n t e n s i t y  d i s t r ibu t ion  i n  t h e  spectrum of Uranus y i e lds  i t s  color  ex
cess  r e l a t i v e  t o  the  comparison star ( C S p ) ,  from which then the  color  index i s  
calculated : 

C I ,  = CE, + C I S ,  

where GI, i s  the  color index of t h e  planet ,  and C I S  i s  the  co lor  index of the  
star. It i s  c o m n  t o  consider t h e  usual  color  index as t h e  i n t e n s i t y  r a t i o  o f  
spectrum regions of an objec t ,  having wavelengths of  L L O  and 550 m u  expressed 
i n  s t e l l a r  magnitudes. To avoid random er rors ,  t h e  i n t e n s i t i e s  w e r e  determined 
on the  bas i s  of the  a reas  of t he  spec t ra l  curve, i n  s m a l l  segments close t o  the  
wavelengths indicated above: 130 - h50 mp and 5L0 - 560 m u .  The color ind ices  
of t he  comparison stars were taken from Kulikovskiy (Bibl.2): e Leonis A 3  C I  = 
= +0:06; y Geminorum A1 C I  = + g . l O .  

For a b e t t e r  accounting of t he  e f f e c t  of  t he  absorption bands, t he  color 
indices  of Uranus were calculated also i n  several  wider wavelength ranges: 
L20 - L6G m u  and 536 - 576 mp (Table 3). 

The da ta  i n  Table 3 ind ica te  t h a t  the  difference between the  color  indices  
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of Uranus i n  1957 and 1958 i s  q u i t e  substant ia l .  It i s  d i f f i c u l t  t o  say j u s t
how r e a l  t h i s  difference is. We note only t h a t  t h e  atmospheric transparency 
could not have had a s ign i f i can t  e f f e c t  on the  r e s u l t s ,  since Uranus and the  
comparison star were photographed almost simultaneously and a t  near zeni th  dis

(Table L).tances 

TABLE 3 

y I 5 4 0 - 5 6 0430-450 

%.of N e g a t i v e  

24 1 +O. 64 
'Ia 42 t o .  42 _ _  _ _  .

536 - 576 
420-460 

+ 1 . m o l  
+o. 77 _ _  . 
+O.  24 


+O. 46 
+o .  40 

No. o f  
N e g a t i v e  objec t  z AM 

P 24 Uranus
9 [.coni B I 41" 0.00 

P42 rfieslinorum I, 33 
IJranus 8 26 0.08 

In  Table LL, Z i s  the  zeni th  d is tance  and A N  i s  the  difference i n  a i r  
masses. The value o f  AI4 i n  the  second case i s  too small t o  cause t h e  observed 
difference i n  the  color  indices.  

G.A.Tikhov previously establ ished (Bibl.3) t h a t  t h e  t r u e  color  of  Uranus 
i s  close t o  the  color  of stars of c l a s s  G5 ( C I  = + l ' f O ) .  The apparent color  
index found by Kuiper (Bib1.h) i s  equal t o  +0?50. The photoe lec t r ic  color  in
d i ces  (apparent) were deterrnined by Giclas (Bibl.5) as  t h e  r a t i o  of br ightness  
of  Uranus a t  wavelengths of L55 and 525 mu: 1950, +0:372; 1951,  +0".73; 1952, 
+0:36L. 

The value of Giclasf  color index, which i s  lower t h a n  t h a t  obtained by us, 
can be a t t r i bu ted  t o  t h e  f a c t  t h a t  more closely ad<jacent spectrum regions I were 
recorded. 

Thus, desp i te  marked var ia t ions ,  our da t a  on t h e  color  index of  Uranus do 
not contradict  t he  r e s u l t s  of previous invest igat ions.  
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Absorption Rands 

The p r o f i l e s  of t he  absorption bands of methane CH4619G,  5970, 5760, and 
5L30 t were measured and p lo t ted  f o r  a l l  t he  spectrograms of Uranus indicated 
i n  Table 1. Since t h e  absorption bands are very intense,  we found it convenient 

Cc/,576U CK,5970 CU,6/00 

Fig.2 

t o  measure them on the  recording MF-4. The t rak ings  gave very smooth curves, on 
which p lo t t i ng  and r a t ing  the  p r o f i l e s  presented no d i f f i c u l t y  (Fig.2). The 

TABLE 5 

6190A 


_ ~ _ _  

p 

P 4  73 0 113.2 31.4 112.? 
P 24 71.8 121.0 50.6 136.2 
P 38 72.3 140.2 34.5 108.0 
p 39 
p 40 

65.5 
58.9 

112.3 
113.2 

35.4 
35.2 

118.3 
106.0 

12 59.8 

1 
97.4 29.3 114.0 

__-_  
-
W 1 66.9 116.2 1 36.0 115.9 

! 

I bf i n a l  r e s u l t  w a s  obtained i n  the  form of curves f o r  -as a fcnction of n; /179
1, 

I, i s  t h e  i n t e n s i t y  ins ide  the  band, I, i s  t h e  i n t e n s i t y  of  t he  continuous spec
trum, n is  the  reading of t h e  l i n e a r  scale  (along t h e  dispers ion) .  r\!ext, we 
calculated the  equivalent widths of t h e  absorption bands i n  l i n e a r  un i t s ,  which 
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were then converted t o  angstroms by mult ipl icat ion by t h e  mean value of  t h e  
dispers ion r'or a given band. Table 5 shows the  equivalent widths of t he  bands 
for each negative W and t h e i r  mean values W. 

1 L . ~ L - I 

550 560 570 380 

Fig. L 

To determine whether an appl ica t ion  of the  mean value of t h e  dispers ion 
introduces a subs tan t ia l  e r r o r  i n t o  t h e  da t a  on t h e  equivalent bandwidths, f o r  



negative P21, and PL2, we p lo t ted  t h e  p r o f i l e s  of  t h e  bands a t  one wavelength 
sca l e  (Fig.3) and calculated t h e  equivalent widths with accurate allowance f o r  
t h e  dispers ion (Table 6). 

A s  we see, t h e  difference between t h e  equivalent widths, calculated with 
accurate  allowance f o r  t h e  dispersion and from t h e  mean yalues,  i s  negl igible  
and i s  expressed by a deviation b.W o f  no t  more than /&.IL A, i .e.,  i n  t h e  worst 
cases not more than 3%. 

TABLE 6 /18c 

No.o f  Negative I P-24 I-- P 4 2  

5430A 74.2A $ 2 . 4 f t  60.8W +I.OA 
5760 120.3 -0.7 97.I -0 .3  
5970 52.9 - ;  2.3 31.3 +2.0 
6190 131.8 -4 4 114 2 -0 .2  

It should be mentioned t h a t  t h e  observed absorption bands a re  ac tua l ly  
t h e  r e s u l t  o f  a superposition 06 several  f l uc tua t ing  bands; t h i s  i s  especial ly  
noticeable i n  t h e  band CF4597O A which can be divided i n t o  th ree  and more com
ponents. Figure 1, shows such an approximate sepayation of  t h i s  band. 

Since t h e  absorption bands of methane i n  t h e  v i s i b l e  spectrum region are 
not observed i n  t h e  l abora to r j ,  an ana lys i s  of  t h e  p r o f i l e s  o f  t h e  bands and 
t h e i r  change i n  t h e  spectra of g i an t  p l ane t s  i s  of  considerable i n t e r e s t  and 
w i l l  be t h e  object  of  f u r t h e r  investigations.  
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SPECTROPHOTOIU3I'RY OF MAGNETIC STARS 

Yu.V.Glagolevskiy 

For the invest igat ion,  six stars were selected from t h e  l i s t  given by 
Sabcock (Bibl.1). The spectra  w e r e  photographed w i t h  the  Bredikhinskiy astro
graph, having an obJective prism with a re f rac t ion  angle of  13'IL5' . T h i s  prism 
gives spectra w i t h  the following dispersion i n  various spectrum regions: 

-
broadening of the spectra during long exposure m s  obtained by retarding the  

clock dr ive  and, during shor t  exposure, by stopping the  clock dr ive  and using 
the diurnal  motion of  the  star i t s e l f .  

A s  photographic material ,  we mainly used I l ford  H.P.Z. p l a t e s  and, i n  
cer ta in  cases, Agfa kstro-Platten Panchromatisch. On the  Ilford H.P.Z. p l a t e s  
the l i n e s  w e r e  ra ther  coarse-grained, so t h a t  t h e  f a i n t  l i n e s  were not  photo-
metered. To p l o t  the  c h a r a c t e r i s t i c  curves, we photographed spectra of the  

4 


B 

Fig.1 Diagram f o r  Determining t h e  Transmission 
of the  Diaphragm 

A - Diaphragm; B - Circui t  

stars n' Aquilae (m = 0.89, AW), (Y Lyrae (m = 0.U, A o V ) ,  and cv Canis Majoris 
(m = -1.58, Am). The difference i n  a l t i t u d e s  of the  invest igated stars and the  
comparison star during photographing d id  not exceed 3'; therefore ,  t h e  t rans
parency of the atmosphere was  not taken i n t o  account. This should not  lead  t o  
excessive e r rors ,  s ince the  spectra  of t h e  investigated stars w e r e  photographed 
for photometering t h e  hydrogen l i n e s  whereas the  spectra of t h e  comparison stars 
were photographed only f o r  p l o t t i n g  t h e  c h a r a c t e r i s t i c  curves. 

The diaphragm f o r  obtaining the sca le  had nine transmission s teps;  however, 

211 




- -  

t h e  use of six s teps  proved su f f i c i en t  s ince t h e  points ,  from which the  charac
t e r i s t i c  curves were p lo t ted ,  were spread properly. 

The diaphragm was constructed in t h e  following manner: I n  t h e  aluminum 
disk  Ir, we made four  holes i n  the  form of s ec to r s  (Fig.l,A); t o  t h i s  disk we 
attached another similar d isk  which could be ro ta ted  about t ne  axis 1. The 
pawl 2 stopped the  ro t a t ab le  d isk  3 a t  nine d i f f e r e n t  posi t ions,  from fu l l  (182 
opening of t h e  sec tors  t o  a cer ta in  m i n i m a l  opening. To reduce absorption ef
f e c t s  i n  the  prism, diametr ical ly  opposed s l o t s  of  t h e  diaphragm w e r e  or iented 
p a r a l l e l  t o  t he  r e f r ac t ing  angle of t he  prism, whereas t h e  o ther  two s l o t s  were 
perpendicular, The diaphragm was checked as t o  i t s  transmission by means of a 
selenium photocell  i n s t a l l e d  where t h e  p l a t e  holder goes. During t h e  investiga
t ion ,  t he  telescope was pointed a t  the  zeni th  a t  noon on a c lear ,  cloudless day. 
The photoelectr ic  current  was recorded by a mirror galvanometer, connected i n  
aper iodic  operation (Fig.l,R). The s e n s i t i v i t y  of  the  c i r c u i t  could be changed 
by a var iable  res is tance R. The root-mean-square e r r o r  i n  determining the  
transmission w a s  1.5%, which i s  completely permissible f o r  photometric work. 
The logs of transmission l o g  I of t he  diaphragm were as follows: 

3:- The a s t e r i s k s  denote the  pos i t ion  of the  diaphragms a t  which 
the  spectra  f o r  the  cha rac t e r i s t i c  curves were obtained. 

When converting the  photographic dens i ty  i n t o  i n t e n s i t y  we used the  method 
of compound charac te r i s t ics .  The l a t t e r  were p lo t ted  f o r  each hydrogen line up 
t o  H,, inclusive,  based on the  i n t e n s i t y  minima. Over these  l i n e s ,  we ther-, 
p lo t ted  the  curves based on the continuous spectra  which were shif ted p a r a l l e l  
t o  t he  abscissa  u n t i l  they coincided w i t h  t he  o the r  curves. Thus, t he  compound 
cha rac t e r i s t i c s  encompassed a much g rea t e r  dens i ty  range t h a n  each separately;  
furthermore, t h i s  method i s  equivalent t o  using 12  diaphragms. 

TABLE 1 

Magnetic F i e l d  Vumber o fS t r e n g t h  
- -_ _  _ _  

710 2h23"'37s -15' 34' 5.m8 -1070--2970 3 

36 Eridani  3 57 47 -24 09 4. 7 
( f250)

+I360 (f700) 3 

-~ ._- ( B i b l .  1) b s e r r a t i o n s  

p L e p o r i s  5 10 41 -I6 16 3 3 +620 ff250) 38 Coronae 15 25 36 +29 17 b .  7 +2670-90 5 
B o r e a l i s  (-f 150)

52 H e r c u l i s  16 47 46 +46 01 4 9  +27RO (+ too )  5 
7 Equulei 21 07 55 f 9  56 4 .  8 -+ 560+2750 3 

(*llll) 
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The spectral  l i n e s  (h2ydrogen) were photometered with the  NF-2 microphot,o
meter every C.01 mm and, i n  cer ta in  cases, every 0.005 rmn (through haTf-divisions 
of t h e  drum). The linesHn-'rlFwere photometered from a point 30 - ILG ,L from the 
center of  the l i ne ,  i n  order t o  de f in i t e ly  include the  wings of the  l i n e  (i .e. ,
1.5 - 2 times f a r the r  than the  wings coincide with the  continuous speclx'um); 
beginning with I!?, t he  spectrum was photometered continuously. 

d 


For a prelimirlary invest igat ion,  we photographed t h e  spectra of the six 
s t a r s  shown i n  Table 1. 

The astrograph was focused on the  middle portion of  the  spectrum so tha t  
the l i n e s  !ig - HF were i n  focus. The l i n e s  of shorter  wavelengths were then /1F3 
no longer n o t i c e h l e  a t  the  focus. Figure l , a  shows the  chromatic curve of the 
objective o f  the  Aredikhinskip astrograph, while the  horizontal h e a v  l i n e  shows 
the posi t ion of  the photographic plate .  In  such a posit ion,  the  greatest  wave
length range was found without noticeable d is tor t ion .  

B 

F 

400 450 500 550 600 A 

Fig.la Chromatic Curve of Objective 

Figure 2 shows the  p r o f i l e s  of  the  hydrogen l i n e s  of magnetic s ta rs .  The 
number of  spectra used f o r  p lo t t i ng  these p r o f i l e s  i s  indicated i n  Table 1 i n  
the  l a s t  column. The ordinate  gives the logarithms of the  brightness r a t i o  of 
d i f fe ren t  points  of t he  l i n e  t o  the continuous spectra. In Fig.2, no l i n e s  are  
drawn through the points  f o r  L? Leporis, but  t h e i r  sca t te r ing  gives an idea a s  
t o  the  accuracy of the  resu l t s .  T h i s  sca t te r ing  i s  due mainly t o  the  consider
able  graininess of  the  photographic plates .  

We found tha t  t he  in t ens i ty  of the  hydrogen l i n e s  of t he  investigated mag
ne t i c  stars i s  appreciably weaker than tha t  of  t he  l i n e s  of the  comparison 
s ta rs .  Therefore, it became of i n t e r e s t  t o  determine the  spec t ra l  type of these 
stars, based on three  charac te r i s t ics :  depth and equivalent width of  the  hydrogen 
l i n e s  and the  K ( C a  11)l ines .  To p lo t  these cha rac t e r i s t i c s  a s  a function of 
the  spectral  c lass  we photographed the  spectra of t he  following stars: Ti Aurigae 
(B3V), ? Persei (E8V), CY Lyrae (AoV), 0 Leonis ( A I V ) ,  CY Canis Majoris (A2V), 
6 Ursae Majoris ( A 3 V ) ,  u Cephei ( A T ) ,  CY Aquilae (A7V) ,  6 Cassiopeiae ( A 5 V ) ,  and 
cr Ceti  ( F F ) .  The depth of t h e  hydrogen l i n e s ,  i n  percent of brightness of the 
continuous spectrum of t h e  comparisor, stars, i s  shown i n  Table 3 and t h e  equiva
l e n t  widths, i n  Table L. The corresponding values of these quan t i t i e s  f o r  mag
n e t i c  stars are indicated i n  Tables 5 and 6. On t h e  b a s i s  of Table 3 ,  we plot ted 
the  graphs f o r  t he  dependence of depth of t he  spec t ra l  lines Hg - H5 on the  
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Fig.2 P r o f i l e s  of t he  Lines of Magnetic Stars 



spec t ra l  c l a s s  (Fig.3,A). From these graphs, we determined t h e  spec t ra l  c lasses  
of  the  inagnetic stars based on the  depth o� the  l i n e s ;  these a r e  shown i n  the 
next t o  the  las t  column of Table 5. The column Sp gives the  spectra from the 

r“ig.3 Graphs Tor Determining the  Spectral  Classes of  
S t a r s  Based on Hydrogen Lines 

A - Dependence o f  the depth of  the  l i n e s  - spectrum .for 
stars or the  mail? sequence; B - Dependence o f  equivalent 

width - spectrum f o r  the  same stars 

I Line Depth 

T, Aur B3V 25% 3.196 38% 36% 32 % 6 %  
;j Per BS d 31 47 SO 48 38 S 
I Lyr AOV 68 72 78 81 8t 1 17 
c) Leo X I V  61 68 64 67 57 9 
a CMa A2V 60 6.5 70 74 72 Ib 
i~ UMa A3V 59 61 58 72 62 28 3 
i, Caa A 5 V  56 60 70 72 60 40 
1 Aql  A7V 30 45 53 67 64 47 
a C e t  22 38 30 32 30 72 

, 
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Equivalent  L i n e  Width 
= -

4.1 5.6 4.5 4.5 0.1
6.8 9.0 6.4 6.0 0 .  I- 17.4 16.0 15.0 0.4 

15 0 15.0 11.1 10.7 0.5 
14.1 14.8 12.1 9.6 0.R
14.4 14.4 11.1 9.5 1.7 
8 2  11.7 - 10.8 3.2
8.2 10.8 6.1 7.6 2.3 
5 4  6.0 2.2 - 5.2 

TABLZ & 

S t a r  I 
HR 710 I 8 3 8.1 5.2 5.6 5.6 6.2 4.6 1.81 1.2 - A2 FO A7 
36 Eri 9.5 8.0 6.1 6.1 6.1 5.4 4.4 3.212.0 1.0 A 0  A8 F3 

6.6 6.0 4.8 4.6 4.8 4.5 3.4 2.4 1.2 0 8 A0 F'L F3 
- 10.0 9.2 9.2 8 .4  6.2 4.1 2.0 2.0 - FO AS 

8.0 7 .7  8.0 7.1 5.6 5.9 4 0 2.8 1,8 - A 2  A9 A5 
7 Equ I 9.1  7.3 9 6  8.0 7.617.6 6.8 5.8 2 0  - FO A8 F 3  

Fig.& Spectrum-Versus Luminosity for Fagnetic Stars 
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catalogues, i .e. ,  those generally used, and the  l a s t  column coritains the  spectra. 
obtained on the  b a s i s  of t h e  depths of the  K l i n e s  ( C a  11). The spec t ra l  c lasses  
with respect t o  hydrogen were obtained from f i v e  l ines .  Analogously, on t h e  
b a s i s  of Table L and Fig.3,B we determined the  spec t ra l  c lasses  of magnetic 
stars based on the  equivalent widths of h,ydrogen l i n e s  and K l i n e s ,  which a r e  
shown i n  t h e  next t o  t h e  last  and i n  t h e  l as t  columns of Table 6. A comparison 
of the  spec t ra l  c lasses  obtained by both methods with respect t o  hydrogen, shows 
t h a t  they v i r t u a l l y  coincide. 

The difference between the  spec t ra l  c lasses  obtained by us  arid those given 
i n  the  c a t a l o G e s  i s  qui te  in te res t ing .  For d Coronae Borealis and y Equulei 
the spectrum i s  e a r l i e r  and f o r  the  others ,  later. This f a c t  (see below) can 
be explained by the  l a t t e r  having a high luminosity. 

Unfortunately, no exact paral laxes  a r e  known f o r  magnetic stars, and t h e i r  
luminosit ies cannot be r e l i a b l y  obtained. Table 7 shows t h e  trigonometric / l85
paral laxes  ntt of t h e  investigated stars, taken from Schlesingerc s catalogue 
(3ibl.L) and the absolute v isua l  magnitudes M. For y Equ, Schlesingercs cata
logue does not give nrt; hence, we took it from Bechvarzhcs catalogue which, un
fortunately,  does not ind ica te  the  method by which t h i s  para l lax  w a s  determined 
nor tne error. Figure lL shows the  da ta  of Table 7, where the  curve depic t s  the 

TABLE 6 

I 
R" 
 I 


H R  710 I 5.84 0.011+9 41.OS 
36Eri  4.69 0.012* I2 +0.08

~~ 

PLep 3 . 3  0.021* 8  -0.08 
CrB 3.72 0.037*5 4-1.30 

52Her 4 . 9  0, (~01*8  -2.10 
'I Equ 4.76 0,018 + I  .04 

main sequence, p lo t ted  on the  b a s i s  of Table 2 i n  t h e  paper by P.P.Parenago and 
k.G.1losevich (Bibl.5). I n  t h i s  diagram, the  a s t e r i s k s  denote the  r e l a t i o n  
between F: and t h e  spectrum c i ted  i n  the  catalogues, t h e  crosses give t h e  rela-

/187 
t i o n  w i t h  the hydrogen spectrum, and the  c i r c l e s  p e r t a i n  t o  t h e  K l i n e s  (Ca 11). 
Despite the inaccuracy of  the  absolute magnitudes and the  grea t  difference i n  
spec t ra l  c lasses  determined by d i f f e r e n t  methods, the  investigated magnetic 
stars nevertheless show a tendency t o  be located above the  main sequence. W e  
p lo t ted  an analogous graph f o r  another 1 5  magnetic stars, f o r  which we found 
the  paral laxes  or absolute magnitudes i n  t h e  l i t e r a t u r e .  In  this case, almost 
a l l  points  l a y  above the  main sequence. Unfortunately, a l l  these magnitudes 
were r a t h e r  inaccurate. Nevertheless, t h e  character of t h e  hydrogen l i n e s  and 
the  above f a c t s  lead t o  t h e  assimption t h a t  the magnetic stars apparently have 
a higher luminosity than stars of t h e  main sequence. 

When changing from 3 t o  l i n e s  w i t h  a higher quantum number, we approach 
ever c loser  t o  o p t i c a l l y  t h i n  layers .  Therefore, t o  determine the  number of 



atoms N2H of hydrogen over 1 cm" of the stellar surface (Bibl.2), we can use the  
following formula : 

-ea .w,. L./,? .f . N , H ,,,,r3 

or 


where Wx i s  t h e  equivalent l i n e  width i n  milliangstroms, A i s  the  wavelength of 
the l i n e  i n  angstroms, and f i s  the force of t h e  osc i l l a to r s ,  N2H i s  deter
mined i n  the  following manner: From our-measured equivalent widths W, we first 
calculate  log  N2H from eq . ( l ) ,  using a purely formal method. Further, we p l o t  
the  graph of l og  nTzH as a function of t he  quantum number n of the  l i ne .  On 
t h i s  graph, log N2H increases on changing t o  higher terms of the  s e r i e s  and 
thus t o  opt ica l ly  t h i n  layers ,  whereas t h e  curve asymptotically approaches a 
cer ta in  l i m i t  showing the  t rue  value of the  number o f  hydrogen atoms per  1 cm" 
o f  s t e l l a r  surface. Because of the  Stark e f fec t ,  the  l i n e s  a re  so blurred tha t  
t h e  curve does not reach the  l i m i t  and, a t  a cer ta in  value n, again begins t o  
descend. Therefore, t h i s  method y ie lds  only the  lower boundary of t he  number 
of  atoms, We can approach the  t r u e  value i f  we extend the left-hand pa r t  oi" 
the  graph as a smooth l i n e ,  by means of a French curve, as indicated i n  Fig.5 
(broken l i n e ) .  This will approximately reproduce t h a t  portion of t he  graph 
which would be obtained i n  t h e  absence of the  Stark e f f ec t  and of  other  fac tors  
t h a t  d i s t o r t  t he  t rue  values of the  equivalent l i n e  widths. 

TAaLE 7 

Table ?'shows the  wavelengths and. force of th.e o s c i l l a t o r s  ( f )  for t he  /188
measured l ines .  Table 8 l ists  t h e  names of t he  stars f o r  which we determined 
?12H and the values of l o g  N2H i n  columns 2 - 11 determined f r o m  e q , ( l ) .  Based 
on the  data  i n  these columns, we plot ted the  curve i n  Fig.5. Column 12 of 
Table 8 gives the  values o f  log h&H?', determined from t h e  ordinates of the  peaks 
of the curves i n  t h i s  diagram; column 13 contains the  values of log  de
termined from the  ordinates  of the horizontal  segment of t he  smooth curve, which 
had been extended by means of a French curve. 

To estimate t h e  r e l i a b i l i t y  of t he  results obtained with our instrument, 
we plot ted (on the  graph of Fig.5) t h e  logarithms of  TJzH f o r  t he  spectrum or" 
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i 
i
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S i r i u s  (crosses)  obtained by u s  and those obtained by Gunter ( c i r c l e s )  (Bibl.3). 
A s  i s  apparent, up t o  n = 9 the curves osculate, after which they diverge because 

Fig.5 Graph f o r  Determining log N2H 

of the  f a c t  t h a t  our spectrum i n  the  shorter  wavelengths w a s  out  of focus; /IS9 
however, i f  we continue t h e  left-hand portion of the  graph by the  described 
method, then the  values of log N,H i n  both cases w i l l  coincide sa t i s fac tor i ly .  

Figure 6 gives t h e  values of l og  N2H, measured by Gunter f o r  t h e  spectra 
o f  main-sequence stars (so l id  c i r c l e s )  and C-stars (hollow c i rc les ) .  The re
sults of OUT measurements (crosses)  are a l so  entered. As i s  apparent, the  nun
be r  of hydrogen atoms per  1 cm' surface of the  magnetic stars i s  less than f o r  
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Fig.6 l o g  N2H versus Spectrum 
The solid c i r c l e s  a r e  stars of the  
main sequence; hollow c i r c l e s  are 
C-stars; crosses a r e  magnetic stars 
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main-sequence stars and C-stars of t h e  corresponding s p e c t r a l  c l a s ses .  The more 
shallow curves i n  Fig.5 f o r  magnetic curves,  i n  comparison wi th  S i r i u s ,  i n d i c a t e  
a more rap id  i n t e n s i t y  drop  o f  t h e  hydrogen l i n e s ,  which can be explained by t h e  
wea1:er e f f e c t s  of  p r e s s m e .  

The r e s u l t a n t  va lues  of l og  N2H are underestimated s i n c e  eq , ( l )  i s  v a l i d  
ollly f o r  o p t i c a l l y  th i r :  layers,  which can be approached u s i n g  s u f f i c i e n t l y  high 
terms of t h e  3almer s e r i e s .  Furthermore, t h e  l i n e s  are b l u r r e d  due t o  v a r i o u s  
i r s t m e n t  e r r o r s  and due t o  t h e  presence of t h e  S t a r k  e f f e c t .  The upper 
b0w-da.V of  log iI,H could be  obta ined  from t h e  Ha l i n e ,  which, un fo r tuna te ly ,  
on o u r  spec t r a  i s  not  a t  t h e  focus. 

Thus, summing up t h e  above s ta tements ,  we can no te  t h a t :  1)The i n v e s t i 
gated m a p e t i c  stars have narrow h d r o g e n  l i n e s ,  mainly o f  a smaller equiva len t  
width i n  comparison,vnth t h e  l i n e s  of  main-sequence stars; 2 )  t h e  stars 36 Er i ,  
ER 7l0,L: Lep, and 52 Iier, based on equivalent width and depth  o f  t h e  hydrogen 
l ixes ,  have a l a t e r  s p e c t r a l  c l a s s  than  i s  ind ica t ed  i n  t h e  ca ta logues , 

wherezis : C r 3  and v 4 u  have art ear l ie r  c l a s s ;  3 )  t h e  s p e c t r a l  c l a s s e s  wi th  
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r e spec t  t o  t h e  K l i n e s  (Ca 11) obta ined  on t h e  b a s i s  of Tables  5 and h are 

maid.:: l a t e r ;  I , )  an a n a l y s i s  of  t h e  dependence of  t h e  spectrum on t h e  luminos i ty  

of  t h e  hydrogen spectrurn i n d l c a t e s  t h a t  t h e  i n v e s t i g a t e d  magnetic stars probably 

belong t o  3ttx-s of  2. !i igher luminosity t h a c  t h e  nlain sequer,ce; 5 )  i n  comparison 

w i t h  3 i r5us ,  t h e  examined stars have lower p re s su re  e f f e c t s  and lower va lues  of 

103 ?:zii. 
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LUIffiNOSITY OF MAGNETIC STARS LLB 

Yu.V.Glagolevskiy 

It i s  common knowledge t h a t  the  problem of the luminosity of stars i s  o f  
extreme importance. In  many cases, it i s  necessary t o  know whether a star be
longs t o  the  main sequence or some other  branch of the  spectrum-luminosity dia
gram. 'In par t icu lar ,  this must be known when studying the physical s t a t e  o r  
stars, t h e i r  chemical composition, temperature, and s t ructure  of  the  atmosphere. 
In  connection with t h i s ,  we attempted t o  determine the  posi t ion o f  mgnet ic  
s t a r s  on the diagram, since this problem i s  s t i l l  unsolved. 

I n  our previous work (Bibl.1) we pointed out  the  f a c t  t h a t  the  hydrogen 
l i n e s  of cer ta in  magnetic stars a r e  weaker than t h a t  of main sequence s t a r s  of 
the same spec t ra l  class.  The same holds t rue  f o r  a number of  other  stars, which 
we subjected t o  a preliminary study. These were the  following s t a r s :  52 ?er,  
HD 173650, HD 192913, HR 710, 36 Eri, and IJ. Lep (Table 1). S ta r s  21 Aql and 

TPLBLE 1 

52 Her  A 8  In depth 7 E q u  A 9  In depth
A2p 1 2; 1 2: 1 In width AS F5 In width

H D  188041 FOD A 5  HR 710 A 2  A9 
A 7  A9

H D  173650 36 Fry A 7  A 6  
F 3  A 8  

21 Aql 08 - 08 I A  L e P  A 7  FO . - 87 F 3  I:1
H D  193913 AGp - 84 2 CrB - AS 

- 84 - A 5  
I 

Note: Sp-Spectroscopic type; Sp, -spectrum re l a t ive  t o  CaII; 
Sp, -spectrum re l a t ive  t o  hydrogen, 

y Equ show, with respect t o  hydrogen, the  same spectrum, which i s  ascribed t o  
it. An opposite e f f ec t  i n  comparison with the  first six s t a r s  i s  shown only by 
HD lSSOlJ., whose spectrum was e a r l i e r  by two c l a s s i f i ca t ions  which o f  course i s  
within the l i m i t s  of t h e  errors, and 5 CrB whose spectrum i s  e a r l i e r  by f i v e  
classi f icat ions.  W e  can add 2CVn t o  our l i s t  o f  stars having weak hydrogen / l92 
l ines .  According t o  work (Bibl.2) t h i s  s t a r  has weak hydrogen l i n e s  owing t o  
i t s  smaller quantity ( i n  comparison with the  usual)  per u n i t  volume of atmos
phere. 

Thus, we can say t h a t  t h e  hydrogen l i n e s ,  f o r  some of the  studied magnetic 
s t a r s ,  a r e  weak and i n  approximately half  of them, have a normal intensi ty .  It 
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w a s  pointed out  e a r l i e r  (Bibl.1) t h a t  f o r  f i v e  (of the six) studied magnetic 
s t a r s ,  the  number of absorbing hydrogen atoms over 1 cm" of t he  s t e l l a r  surface 
i s  apparently s l i g h t l y  diminished i n  comparison with main-sequence stars. It 
was a lso  indicated t h a t ,  for these stars, the e f f ec t s  of pressure are l e s s  mani
f e s t  than for o!CCT.Ia belonging t o  t h e  main sequence. 

All t h i s  makes us assume t h a t  magnetic s t a r s  mainly have propert ies  of 
stars 1;;Iing above the  main sequence, 

The problem of  t h e  luminosity of magnetic s t a r s  could have been solved 
eas i e s t  i n  the  presence of trigonometric parallaxes. However, of the  25 paral l 
axes found i n  catalogues o f  ScNesinger  (Bibl.3) and Jenkins (Ribl.k), only 10 
have an accurac)' of  more than 30% (Table 2).  Nevertheless, the  values of the 
absolute magnitudes obtained on the  bas i s  of  the  parallaxes i n  Table 1 can give 

TkRLE 2 

I H R  710 
2 H D  I9445 
3 ,36 E r v  
4 16 0;y 
5 P Lep
6 HD 611414.5 
7 3 0 U M a  
8 17 ComA 
9 7 Vir 

10 aa CVn 
11  78 Vir  
I 2  p LibA 
13 8 CrB 
14 w Ooh 
15 45 Her 
16 52 Her 
17 21 Aql
18 R R  L v r  
19 51 Sqr
20 IH D  187414 
21 81 Mic 
22 AG Pea 
23 V V  Cep
24 i Phe 
25 108 Aqr 

2h23m37s- 15O34' 
3 5 28 +26 9 
3 57 47 -24 9 
5 6 3 4 +  9 4 6  
5 10 41 -16 16 
7 31 30 - I 4  25 
IO 20 33 +65 49 
12 26 25 +26 1 1  
12 39 7 - 1 IO 
12 53 42 +38 35 
l a  31 35 + 3 55 
14 46 34 -I3 56 
15 25 46 +29 17 
16 29 IO -21 21 
16 45 19 + 5 20 
16 47 46 +46 4 
19 11 11 + 2 20 
19 23 52 +42 41 
19 33 00 -24 50 
19 48 27 -40 I 
21 17 34 .-41 I 
21 48 37 +12 23 
21 55 14 + 6 3  23 
23 32 23-42 54 
?3 48 46 -19 11 

5 . 8  0,011* 9 t l . l  S '  
8.0 0,021 6 + 4 , b J a  
4.7 0 ,012t  12 to,\s 
5.4 0,006 f 10 -0 .75  
3.3 0,021 * 7 -0.1 s 
5. I 0,008* 8 o s 
4.9 0,040i11 t 2 . 0  J 

5 . 4  1),019* 6 + l , 8  S 
2.9 0,106* 6 + 2 , 2  J 
2.u 0.025k 5 -0.1 s 
4.4 0 ,018 f  5 t 1 . 2 s  
5.4 0 , O i 4 Z  8 - 1 . 1  s 
3 . 7  O,O33* 5 t1 .3  S 
4.6 0.030* 9 t 2 . 0  J 

5.3 O . O O Y *  5 t 0 , l  J 
4.9 O.OU4k 8 2.1 s 
5.1 0,105* 6 -1.9 s 

7-8 0,009* 5 -2.7 J 

5 .7  0 ,0122 9 t l , l  J 
5.4  0.015 IO 
4.9 0,008k 9 !A:; :: 
7 , 6  U .I107* 1I t 1 , 8 s
5 O.IJOl* 7 t0.3 s 
498 0.001* 8 -5,9 s 

AOP 0,018*10 t 1 . 5  J 

1 S 7 from S c h l e s i n g e r ' s  ca ta logue  ( R i b l . 3 ) .  
2 J = from Jenkins '  ca ta logue  ( B i b l . 4 ) .  

a general p ic ture  o f  the  d i s t r ibu t ion  of the  magnetic stars on the  spectrum-
luminosity diagram, since we are not interested i n  t h e  posi t ion t h a t  a particu
l a r  star occupies. T h i s  diagram i s  shown i n  Fig.l,k. The black dot  designates 
absolute magnitudes 11, which were calculated from paral laxes  having an accuracy 
higher than 3G$ and the  white dots ,  below 3@. The dots  l i e  mainly above t h e  
main sequence. The black do t s  which a r e  below the  main sequence belong t o  /193
17 C o d ,  3 G  U ?;!a, and S D  191L5. It should be noted t h a t  t he  deviation of 1.1 f o r  



t h e s e  stars from t h e  main sequence i s  withiri  t h e  l x t s  o f  errors ir, determining 
t h e i r  pa ra l l zxes .  

A similar dlagram, shown i n  Fig.l ,E,  was p l o t t e d  from t h e  da.ta o l  Table 3, 
i n  which s p e c t r a l  p a r a l l a x e s  and t h e  correspondlng abso lu te  magnitudes of  
c e r t a i n  magnetic stars are given. The material for this Table was taken fron 
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Fig.1 Spectrum of Magnetic Stars as a Function of 
Ab s o l u t e  Kagnitilde 

A - Obtained from t r igonometr ic  p a r a l l a x e s ;  E - ObtaFned 
from s p e c t r a l  pa ra l l axes ;  C - Obtained frorr! 

P .P .Parenago's catalo,pe 

t h e  catalogue of s p e c t r a l  s t e l l a r  p a r a l l a x e s  (Eih l .  5 ) .  The genera l  p i c t u r e  i s  
analogous t o  t h e  preceding,  except t h a t  t h e  d.ots l i e  c l o s e r  t oge the r  (t,i-,e d o t s  
l-ving below t h e  main sequence belong t o  a whi te  d m r f ) .  Here, doubts  ma;; arise 
as t o  t h e  reall ty of t h e  s p e c t r a l  parEillaxes, i r ?  view of  t h e  f z c t  t h s t  they  were 
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determined on the bas i s  of the  r e l a t ive  in t ens i ty  of l i n e s  S r I I ,  T i I I ,  FeII, 
ScII ,  C r I I ,  Y I I ,  CaII, cer ta in  of which demonstrate an anomalous in t ens i ty  
i n  individual stars. However, t he  coincidence of the  spec t ra l  absolute magni-

[lgr, 
tudes w i t h  respect t o  t h e i r  arrangement on the  diagram with t h e  trigonometric 
magnitudes confirms t h e i r  existence and a l so  shows t h a t  t he  r e l a t i v e  in t ens i t i e s  
of the l i n e  p a i r s  used a r e  completely normal. Apparently, t he  l i n e s  w i t h  an 
exp l i c i t l y  amplified in t ens i ty  were not used by Adams (Bib1.51, since they a re  
l i s t e d  a s  anomalous i n  the  annotation. 

TAELE 3 
. . .

m SP 
_,  ~~ -i

6.6 A3sp 1 .o  0.003 
8.0 A4sp 5.@ 0.025 
4.2 A4s I .2 0.025 
5.4 A% 1.8 (1.01Y 
7.4 M3ep --1).8 0.002 
5.9 A2sp 0.9 0,010 
5.6 A4.p 0.9 (1.01I 
5.6 A4sp 0.5 0,010 
5.8 A4sp 0 . 3  0 ,003  
7 . 2  FlP 1 .o 0,006 
4.6 A 6s 1.2 0.021 
4.9 A4sO 0.3 0.012 
6.7 A4sp 0.8 0.007 
5.9 A6sp 0.7 0,009 
5.6 A5sp 0. I 0.008 
6.7 A2sp 0.7 0.006 

S t a r  

- __ 

H D  10783 
H I )  19445 
68 Tau 
16 Ory
W Y  Gem 
IS Cnc 
3 Hya 

4b Cnc 
pL lbA
33 Lib 
(0 Oi)h
52 H e r  
H D  171586 
I O  A q l
H D  188041 
HD 192913 

S t a r  

4 3  Cas 
t1D 10783 
lib 11187 
21 I'er 
4 1  Tau 
C8 Tau 
p Len. 
H I )  45677 
3 t lya

4'9 Cnc 
k Cnc 
I Cen 
Y V i r  

C o o r d i n a t e  1950 
- .- 

lh43"' 4s1 8 O 1 8 '  
3 5 2R +26 9 
4 22 36 +I7 49 
5 6 3 4 + 9 4 6  
6 8 54 +23 14 
8 I ( i  3 +29 48 
R 33 2 - 7 48 
8 4 2  2 + 0 1 6  
4 46 34 -I3 :6 
5 25 45 -17 16 
6 29 10-21 21 
6 47 46 446 4 
8 3 3  8 + 4 5 4  
8 56 29 + I3  50 
9 50 42 - 3 15 
0 14 23 +27 37 

TABLE 

1 C o o r d i n a t e  1950 l 
1h3Rm3GS+ 6 7 O 4 7 '  
1 4 3  4 + 8 1 8  
1 48 I O  +54 40 
2 5.1 I5  t31 4 4  
4 3 32 +27  28' 	 4 22 36 + I 7  49 
5 10 41 - 16 16! 6 25 59 -13 1 

1 	 x 3.3 2 - 7 48 
8 42 2 -+.I0 Il ij 9 5 2 +IU 52 

m 
5..5 $0.4 
6.6 +0.7 
7 1  -0 2 
5.2 + o  2 
5.3 +0.2 
4.2 + I . [  
3 .*3 -- I .3  
7.5 -2.2 
S 6  + l . l  
5 . 6  +0.6 
5. I 0 .o 
4.8 -1-0.3 
2.9 +0.2 
5.7 +0.6 
4.9 t0.2 
6 7  +0.8 
5.9 +0.9 
5.6 +0.3 
6.6 +0.5 
4.5 +0.3 

, I2  37 I O  -39 43 
12 39 7 - I 10 

' 14  15 52 - I8  29 
15 F.9 26 ~ 2 1 )59 

'18 33 8 t 4 5.1 
18 56 29 + I 3  50 
19 SO 42 - 3 15 
20 14 3 t 2 7  37 
23 30 18 -38 6 

i l D  12i248 
i CrB 
H D  171586 
13 A q l
I I I )  188041 
HI) 192913 
p Scl 



Finally, Fig.l,C i s  a graph plot ted on the  bas i s  of t he  data  from Table I,. 
The material  f o r  it was taker! from the  catalogue of P.P.Parenago a t  the  Shtern
berg S t a t e  Astronomical I n s t i t u t e  (GliISh). The pa t te rn  i s  again analogous t o  
the preceding one but  l e s s  clear127 expressed. 

de obtair! t he  same r e s u l t  when using trigonometric paral laxes  and spectral  
classes,  which we determined w i t h  respect t o  hydrogen l i n e s  and l i n e s  of ionized 
calcium ( w t t h  respect t o  l i n e  depth and equivalent width), taken from Table 1. 
Figure 2,A shows a diagram with the abscissa  giving the  spec t ra l  c lass  de- /195
termined from the  equivalent broadening of the  hydrogen l i n e s  (black dots )  and 

r’ig.2 Spectrum of  Magnetic >tars as a L?unction 
of Absolute Magnitude 

k - Obtained from trigonometric parallaxes.  Dark dots:  
spec t ra l  c lass ,  determined w i t h  respect t o  equivalent 
broadening of hydrogen l i n e s  (Bibl.1). Light dots:  w i t h  
respect t o  equivalent broadening o f  CaII l i n e s  (Eibl.1); 
B - Obtained from trigonometric parallaxes.  Dark dots:  
spec t ra l  c lass ,  determined with respect t o  depth of 
hydrogen l i n e s  (Bib1.1). Light dots :  with respect t o  

depth of CaII l i n e s  ( B i b l . 1 )  

equivalent broadening of the  l i n e s  of ionized calcium ( l i g h t  dots).  On the  
ordinate,  the trigonometric parallaxes from Table 2 are l a i d  off .  k similar 
diagram i s  shown i n  Fig.2,B, but  here we used spec t ra l  c lasses  determined from 
the  depth of these l i n e s  (as i n  the  preceding case, black dots  per ta in  t o  hydro
gen and l i g h t  do ts  t o  the l i n e s  of ionized calcium). There i s  no detectable 
difference between the  spectrum-luminosity curve r e l a t i v e  t o  hydrogen and the  
spectrum-luminosity curve r e l a t ive  t o  the CaII l i nes ,  compared t o  our prelimi
nasy investigation. A l l  these data,  i n  our opinion, j u s t i f y  a c l a s s i f i ca t ion  
of magnetic stars with a cer ta in  sequence located somewhat higher than the main 
sequence. However, we were unsuccessful i n  an attempt t o  f ind a correlat ion 
between the  deviations of our spectral  c lasses  and the  difference i n  absolute 
magnitudes of magnetic stars and t h e  main sequence. This ind ica tes  t h a t  t he  
e f f ec t  of luminosity plays a negl igible  ro l e  i n  reducing the  in t ens i ty  of t he  
hydrogen l ines .  This could be expected, since the  sequence of magnetic s t a r s  
i s  apparently located only s l i g h t l y  higher than t h e  main sequence. For lack of 
observational data,  it i s  d i f f i c u l t  t o  define the  t rue  reason f o r  t he  decrease 
i n  in t ens i ty  of the hydrogen l i n e s  of ce r t a in  magnetic stars. 

The author wishes t o  thank G.A.Starikova who transmitted the  necessary data  
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Croix t h e  cataioFdes from GAISh. 
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I .D .Kupo 

1. Ftesults and Problems of  I n v e s t i g a t i n g  :,a, Ophiuehi 

The star x Ophiuchi s t i l l  f i g u r e s  i n  t h e  ca ta logues  of Flerrsted avid Jo;ir:scr. 
published a t  t h e  b e g i n n b g  of t h e  1 9 t h  Century. However, as f a r  as t h e  au tho r  
knows i t s  v a r i a b i l i t y  w a s  f irst  suspected by Guldt a t  Uranonetria,  Arger t iza .  
I n  X73, G u l d t  ass igned t o  it a mean visual magnitude of  1,266; hoNever, 5ri com
par ing  wi th  t h e  d a t a  of  va r ious  observers ,  he concluded t h a t  t h e  star i s  pmba-
Sly va r i ab le .  Tnus, Argelander (1E55)  and Hays gave it a magnitude of  6",while  
Yarne l l  i n  le65 est imated i t s  ,magpitude as f,".. I n  t h e  Revised Iiarvarci Photo
metry, t h e  s te l la r  magnitude of :( Oph i s  giveK as E ? 5 .  

Since t h e  l P 7 V s ,  t h e r e  have been eleven ser ies  of observa t ions  of  t'7e 
b r i g h t n e s s  of t h i s  star, which d i f f e r e d  widely both with respec5 t o  t h e  m x c e r  
of  estimates (frorr, 1 t o  120) and t o  t h e  method, i nc lud ing  v i s u a l  estimates, 
Picker ing  observa t ions  wi th  a meridian photometer,  a . d  photographic datz.. L? 
19L9, Ashbmok publ ished a review of  t h e s e  obse rva t i cns ,  reducir.2 then  t o  t?,e 
v i s u a l  Harvard system (Bibl .15)  on t h e  b a s i s  o f  which he drew a conclusioE &out 
very slow, discont inuous  c h a q e s  i n  b r i s h t n e s s  and t h e  inexpediency o _C s:-ste
m t i c  observa t ions  of  t h e  star.  

For some urknom reason,  Ashbrook i n  h i s  review d<d ~ o tuse  t h e  z k t e r l a l  
of t h e  American Assoc ia t ion  of Var iab le  S t a r  Observers AAVSO (Bibl.16 ), whic;? 
included �33 estimates of b r i g h t n e s s  obtained du r ing  t h e  per iod  f r o r  JwLe 2c,  
19L6 t o  January 13, 19L7. 

The observa t ions  of  AAVSO, c a r r i e d  o u t  i n  some kind of  s t r ange  p!-.otomet,ric 
system, are neve r the l e s s  o f  cons iderable  i n t e r e s t  ir! connection with t h e  f a c t  
t h a t  on some n i g h t s  t h e r e  are seve rz l  estimates of s te l lar  b r igh tness ,  freTvent
l y  made by one and t h e  same observer .  From o u r  p o i n t  of view, o f  s p e c k 1  ir.
t e res t  i s  t h e  f a c t  t h a t ,  i n  t h r e e  cases ,  t h e  e s t ima tes  o f  a s i n g l e  n i g h t  differ 
by a magnitude o f  0 3  and o f  t h r e e  n i g h t s  by  C"., which i s  d i f f i c u l t  t o  a s c r i b e  
t o  observa t ion  e r r o r s  s i n c e  t h e  l a t te r ,  i n  experienced observers ,  ger,erally do 
not  exceed 030 - 0:15. 

Eeginning i n  t h e  1950's Cousins i n  South Afr ica  has  been searching  for new 
v a r i a b l e  stars i n  t h e  southern sky (Bibl.17, 18). The observa t ions  are be ing  
c a r r i e d  o u t  by  t h e  Fabsy method wi th  a s tandard  e r r o r  of one measurement o f  
0:012, The star y Oph, which i s  included i n  t h i s  program, showed a f h i c t u a t i o n  
i n  b r i g h t n e s s  of  an  amplitude of 1232 - /$LL5. 

According t o  t h e  reviewed data, i n  t h e  second e d i t i o n  o f  t h e  General Cata
logue of Variable S t a r s  ( B i b l . 1 )  t h e  stars are des igna ted  as novalike.  

Based on i t s  elements of  proper  motion, y, Oph belongs t o  t h e  Scorpius-
Centaurus a s s o c i a t i o n  (Eibl.19). The abso lu te  magnitude of  t h e  star w a s  de t e r 
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mir.ed by several  methods. Blaauw, from a n  analysis  of  t he  proper motions of tke  
stars of the  Sco-Cen c lus t e r  obtained a value of hi,  + A, = -1?lr,5 (Bibl.20)./197 
A s h n g ,  according t o  Blaauw (Bibl.l9), a v isua l  i n t e r s t e l l a r  absorption of 
4, = l"., we find M Y l r  = -3".5. 

Hamsey, on the  bas i s  of spectral  observations, obtained M v l s  = -2?5 
(Eib1.21, 22). However, Stebbins, Huffer, and Whitford obtained a mean absolute 
visual  magnitude of stars of c l a s s  B 3  of 2?2 (Bibl.23). I t  i s  known t h a t  emis
sion s t a r s  a r e  always somewhat br ighter  than stars of t h e  same subclass contain
ing only absorption l i nes ,  since t h e  l a t t e r  value more closely corresponds t o  
the data  by Blaauw and Ramsey. Finally,  i f  we take the  value of the  spectral  
paral lax from the  Yale Catalogue (Bibl.21,) n = 0".005 and the  v isua l  stellar 
magnitude 3:3 corrected for i n t e r s t e l l a r  absorption according t o  Duke (Ribl.21), 
we obtain hi,= -3t2 which i s  i n  good agreement with the  above data. 

The average value of t he  f i r s t ,  second, and fourth determinations of the 
absolute brightness i s  -3"., which means t h a t  t he  star cer ta in ly  l i e s  on the  
main sequence i n  the  spectrum-luminosity diagram. The new c l a s s i f i ca t ion  of the 
spectrum of y. G-ph E33 V-pe, c i ted  i n  the  second ed i t ion  of t he  General Catalogue 
of  Variable S ta r s  (Bibl.1) i s  i n  complete agreement w i t h  what has been said. 
From t h i s  viewpoint, the  c l a s s i f i ca t ion  by Slettebak and Howard of B2 IV-p i s  
compl-etely unfounded (9ibl.  25 ). 

In 1896, Campbell and Albrecht discovered a br ight  double emission f o r  HA 
(Eibl.26). Neasurements of t he  r ad ia l  veloci ty ,  performed by these authors and 
by Eurns and Wright i n  1896 and 1902, showed changes i n  r ad ia l  ve loc i ty  of the 
s t a r  w i t h i n  limits from -10 t o  +22 km/sec. Obsenfations i n  1925 (Bib1.27) con
firmed the  v a r i a b i l i t y  of  t he  r ad ia l  veloci ty  of  t he  s ta r .  Furthermore, on 
August 13 two spectrograms taken an hour apar t  showed a change i n  rad ia l  veloci
t y  by 9 kn/sec. Unfortunately, the  accuracy of determining t h e  r ad ia l  veloci
t i e s  i s  pot ir,dicated i n  t h a t  report ,  but  it can be imagined t h a t  such a value 
exceeds the error .  

T h e  meamrement of r ad ia l  ve loc i t i e s  becomes ra ther  d i f f i c u l t  a t  the  com
plex l i n e  s t ruc ture  i n  the  spectra of Be s ta rs .  Furthermore, t he  r e su l t s  i n  
many respects  depend on the  selected method o f  measurement. Since the  general 
appearance of typ ica l  spec t ra l  l i n e s  of Be s t a r s  represents emission superposed 
on a broad absorption l i n e ,  which i n  turn  i s  divided i n t o  two components (v io le t  
V and red R )  by narrow and sharp  absorptions, t he  measurement of r ad ia l  veloci
t i e s  i s  performed by three  methods: 

B y  s ight ing t h e  thread on t h e  outer  ends of t he  wings of t he  broad 
absorption l i n e  which, on averaging t h e  result, character izes  the  
absorption of t h e  center of t h i s  l i n e  t h a t  per ta ins  t o  the  reversing 
l aye r  of t he  star. 

By s ight ing the  filament on t h e  core of  t he  emission components V 
2nd R, whtch w i l l  give information on t h e  ro ta t ion  of the  emitt ing 
zone. 

By s ight ing t h e  filament on the  sharp cent ra l  absorption line. 

I,. 




The l a s t  method, which i s  most convenient f o r  accurate sighting w a s  used 
i n  t h e  above-mentioned investigations.  T h i s  method .yields t h e  differezce i n  t h e  
r ad ia l  ve loc i t i e s  of t h e  cent ra l  absorption l age r  and emission zone of the star. 

In  t h e  great majority of Be stars there  a r e  changes i n  the  r e l a t ive  intensi
t y  of the  hydrogen emission components V/R, these changes always being associated 
w i t h  a s h i f t  i n  cent ra l  absorption, i.e., apparently, i n  r ad ia l  velocitp. When 
t h e  cent ra l  absorption l i n e  i s  shif ted toward t h e  short-wave end, the  in t ens i ty  
of t he  v io l e t  component V w i l l  decrease while the  in t ens i ty  of R increases, and 
vice versa. Tha t  we a r e  ac tua l ly  dealing here w i t h  rad ia l  veloci ty  and not /19E
with geometric "f i l l ing" of the  absorption l i n e  by in tens i f ied  emission i s  cor
firmed, according t o  Curt iss  (Bib1.2FS) by the  l a t e r a l  s h i f t  of the  emission l i n e  
a s  a whole, almost by the  same value. Thus, t he  value of V/R i s  a convenient . 

charac te r i s t ic  f o r  the  changes i n  r ad ia l  veloci ty ,  measw-ed from the central  
ab sorption. 

Cleminshaw (Bibl.29), on the  bas i s  of 113 spectrograms taken i n  1913 and 
1923 - 193L,, constructed t h e  rad ia l  veloci ty  curves f o r  v Oph from the  emissior! 
l i n e s  of hydrogen and FeII and from the  helium absorption l i n e s .  Ee found tha t :  

a )  The r ad ia l  ve loc i t i e s  w i t h  respect t o  all elements show a de f in i t e  
-fluctuation w i t h  amplitude, exceeding 20 h / s e c ,  w i t h  a highly doubtfcl indica
t ion  of a lCLyear per iodic i ty  fo r  H and FeII. [!e I showed no periodicity.  

b )  The average r a d i a l  ve loc i t ies  w i t h  respect t o  l i n e s  of d i f fe ren t  ele
ments do not coincide and f luc tua te  from +8 km/sec f o r  FeII t o  -15 h / s e c  for 
helium t r i p l e t s ;  t he  average veloci ty  with respect t o  t he  h,ydrogen l i n e s  i s  
-1 km/sec. 

c )  A curious f a c t  i s  the  divergence of r ad ia l  ve loc i t i e s  f o r  t r i p l e t s  and 
s ing le t s  of He. For t he  former, t he  average r ad ia l  veloci ty  i s  equal t o  
15 h / s e c ,  Whereas for s ing le t s  i t  i s  +7 km/sec; i n  addition, t h e  rad ia l  ve
l o c i t y  curve of s ing le t s  lags about one year behind the t r i p l e t s .  The pk-rsical 
pr lnciple  of t h i s  phenomenon has not ye t  been established. 

d )  The r ad ia l  veloci ty  curve w i t h  respect t o  helium i s  not i n  phase w i t h  
those f o r  H and FeII. 

e )  Brief changes i n  r ad ia l  velocity,  possibly of an i r r egu la r  character,  
a r e  observed. 

An exadnat ion  of t h e  curves given i n  the  paper by Cleminshaw r a i s e s  con
siderable  doubt as t o  the  reali ty of any period of  var ia t ion i n  r ad ia l  veloci
t i e s ,  One could say t h a t  t h i s  i s  due t o  the r e l a t ive ly  b r i e f  observation period, 
but  t h i s  s e r i e s  i s  the  longest and most systematic o f  a l l ,  so t h a t  it i s  impos
s i b l e  t o  supplement it by .o ther  observations. Therefore, a t  t'his stage it might 
be bes t  t o  assume irregular veloci ty  f luc tua t ions  of  t h e  star, 

In  1952, Burbidge investigated two d i f f r ac t ion  spectra of high dispersion 
of t he  star y. Oph, obtained f o r  t he  v i s i b l e  and near-infrared regions, The 
measurements of t he  shifts of the  emission components f o r  l i n e s  of  t he  Balmer 
and Paschen ser ies ,  and t h e  l i n e s  FeII and 01, give close values of r ad ia l  ve

230 

., 



l o c i t i e s ,  corresponding t o  -15.1 (average f o r  a l l  H l i n e s ) ,  t o  -12.8, and t o  
-1g.5 h / s e c .  The average veloci ty  based on the  absorption l i n e s  of helium i s  
doubtfully estimated as -19.2 km/sec. Unfortunately, i n  Burbidgets work which 
was performed w i t h  a high degree of accuracy, o n l y  one observation w a s  ac tua l ly  
used, which makes it impossible t o  compare it with Cleminshawts work ci ted 
above. The method used by Burbidge i n  determining r a d i a l  ve loc i t i e s  y i e lds  an 
ind i rec t  charac te r i s t ic  of t he  shift i n  cent ra l  absorption r e l a t i v e  t o  the 
emission l i n e ;  therefore,  it i s  of i n t e r e s t  t o  define whether the  coincidence 
of t he  r ad ia l  ve loc i t i e s  f o r  t h e  l i n e s  of various elements i s  a law common t o  
the average of numerous observations ( i n  contrast  t o  t he  data  obtained by 
Cleminshaw f o r  the  s h i f t  of t he  emission l i n e  a s  a whole) or a random phenome
non. The former assumption, from our point  of view, i s  more probable. Apparent
ly ,  e r i ss ion  arid both types of absorption l i n e s  have t h e i r  own autonomous laws 
of shifts. Consequently, t he  divergence i n  phases between the  r ad ia l  veloci ty  
curves of H and FeII on one hand and H e 1  on t h e  other,  indicated i n  Cleminshawts 
work, i s  not surprising. Actually, t he  former were obtained f o r  the  geometric 
center of the  emission l i n e s ,  whereas the  curve f o r  He1 pertained t o  broad /199
absorption l i n e s  of the  reversing layer ,  usual ly  fo r  stars of t h e  B class.  The 
expressed hypothesis i s  i n  agreement with the  r e s u l t s  obtained by Hynek (see 
Bibl.30) who, i n  the  spectrum o f  e Per, found independent changes of r ad ia l  ve
l o c i t i e s  f o r  a l l  three types of l i n e s .  

The spectrum of  y. Opn a l s o  showed CaII l i n e s  o f  i n t e r s t e l l a r  origin.  
Ada" observed a s p l i t t i n g  o f  the  H and K l i n e s  of CaII in to  two components, 
w i t h  a s h i f t  of -11.1 and -27.5 h / s e c .  He suggested t h a t  t h i s  w a s  due t o  the  
f a c t  t h a t  the  l i g h t  of t he  star on i t s  way t o  ear th  passes through two clouds 
of i n t e r s t e l l a r  calcium having d i f f e ren t  ve loc i t i e s  with respect t o  the  l i n e  of 
s ight  (Ribl.31). 

The work of Burbidqe (Bib1.32) touched upon another i n t e re s t ing  problem 
concerning the type of ro ta t ion  o f  y. Oph. A s  i s  known, the  considerable widths 
of the  absorption l i n e s  of the  reversing layer ,  observed i n  Be stars (with the  
exceptior! of the  hydrogen l i n e s ) ,  a r e  usual ly  explained by the  rapid rotat ion 
of these s ta rs .  Doubling o f  the  emission l i n e s  i s  caused by rotation. It i s  
evident t ha t ,  w i t h  a random arrangement of t he  axes o f  ro ta t ion  of stars i n  
space, these e f f e c t s  w i l l  be manifested d i f f e r e n t l y  depending on the  magnitude 
of t he  rad ia l  components of t he  ve loc i ty  of rotat ion,  vs in i .  Thus, t h e  width 
of t h e  absorption l i n e s  of a Be star serves as a cha rac t e r i s t i c  of t he  incl ina
t i o n  of i t s  axis t o  the  l i n e  of sight.  Based on this viewpoint, the  concepts 
of rtpole-on stars??and ttshell-starsrt  have been introduced. S t a r s  which have 
s ingle  emission l i n e s  of hydrogen as w e l l  as moderate sharpness of t h e  absorp
t i o n  l i n e s  of the  reversing l aye r  are referred by Slettebak t o  "pole-on s ta rs"  
(Bib1.33). The hydrogen absorption l i n e s  cannot serve as a charac te r i s t ic  of 
t he  ve loc i ty  of  ro ta t ion  s ince t h e i r  broadening i s  mainly due t o  the  Stark ef
f e c t  ra ther  than t o  rotat ion.  

The problem a s  t o  which of t he  indicated types one should r e f e r  a particu
l a r  star i s  not of  scholast ic  importance. If one holds t o  the  most widespread 
hypothesis of a "gaseous ring", meaning t h a t  t he  she l l  i s  not spherical  but  
g rea t ly  elongated i n  the  equator ia l  plane of Be stars with almost zero thickness 
a t  the  poles, then the  degree of inc l ina t ion  of t he  axis w i l l  ind ica te  t h e  ex
t e n t  of which t h e  s h e l l  can a f f e c t  t he  s t e l l a r  spectrum. The usefulness of t h i s  
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indicat ion f o r  in te rpre t ing  the  spectrum and i t s  changes i s  obvious. 

The spectrum of x Oph, as indicated by several  authors (Bibl ,31L,  35) k,as 
unusually narrow hydrogen emission l ines .  Apparently, t h i s  w a s  t h e  bas i s  used 
by Slettebak f o r  re fer r ing  the  s t a r  t o  the  type "pole-on stars", wI-Ach i s  a 
designation r a the r  firmly entrenched i n  the  l i t e r a t u r e .  However, a s  long ago 
as 1932 McLau.gNin, basing h i s  invest igat ion on spectra of moderate dispersion, 
detected doubling of t he  br ight  l i n e s  H Y ,  H E ,  He (Bibl.36). 

Slettebak, i n  comparing the  observed p r o f i l e  of t he  l i n e s  He1 1,026 rcrith 
those calculated f o r  various r ad ia l  ve loc i t ies ,  obtained a value f o r  t h e  radial  
component o f  t he  ve loc i ty  of ro ta t ion  of t he  star of v s i n i  = 115 km/sec 
(Bib1.37, 25) which, a t  an average veloci ty  of ro ta t ion  of Be stars o f  30C t o  
1'00 km/sec, corresponds t o  an inc l ina t ion  of t he  axis of y. Oph t o  the  l i n e  of 
s ight  of 1 5  - 2 8 ,  i.e., a f u l l y  perceptible value. 

Burbidge investigated the  degree of separation of t he  emission components I; 
and R, fo r  l i n e s  of  various elements (Sib1.32). He found t h a t  the  average d i s t 
ance of the  components from the  Balmer and Paschen l i n e s  i s  equal t o  110 Lm/sec, 
a t  sa t i s fac tory  in t e rna l  agreement of individual measurements. For hydrogen, 
t h i s  y i e lds  a value of v s i n i  = 55 km/sec. T h i s  value, with respect t o  the enis
sion l i n e s  FeII and 01, i s  equal t o  70 and 42 km/sec, respectively. These 
f igures  indicate  a s t r a t i f i c a t i o n  of the elements i n  t h e  s t e l l a r  atmosphere; i f  
the afigular veloci ty  oLc ro ta t ion  of the  star r e t a ins  i t s  value a l so  f o r  the  
outer  layers ,  then the  FeII l i n e s  will obviously occur i n  deeper portions of  t he  
emission zone than the  hydrogen l i n e s  and s t i l l  deeper than the oqJgen l ines .  /2CC 

The f i r s t  t o  draw a t ten t ion  of observers t o  t he  anomalies of the  spectmn 
of y Oph was King, who reported t h a t  Itone l if ie i s  br ight  and the  absorption 
l i n e s  a re  doubled". Fleming (Bib1.39) i n  1890 noted a br ight  HC i n  the s p e c t n x  
of tne  star arid tha t ,  as a whole, t he  spectrum w a s  similar f , ~t!!at cf E ar,d 
p Cen. In  1895, Campbell reported tha t ,  according t o  the  observations a t  Pit. 
Hamilton, the Hn. l i n e  shows strong emission (Bib1.L.C). I n  1896 Campbell and 
Albrecht, as already mentioned, discovered doubling of  t he  br ight  Hv l i n ?  
(Bibl.26). Separation of the  components on June 30, 1896, reached 1.37 ;I and 
on July 1, 1.53 i,( B i b 1 . Q ) .  Further observations by Fleming and by Cannon 
showed t h a t  HE, Hy, H6, H E ,  and HC a r e  f i n e  emission l i n e s  scperposed on broad 
absorption l i n e s  (Bibl.l,.Z, 1 3 )  and t h a t  there a r e  o ther  emission l i n e s  i n  the 
spectrum (Bibl.LIL). Later, a number of authors [PicLaugNin, Struve and Swings, 
Merr i l l  (Bibl.36, L5, L6)I established t h a t  most of t h e  nonhjdrogen emission 
l i n e s  belonged t o  ionized iron. The presence of very broad KgII emission l i n e s  
LL81 was  a l s o  established (Bibl.L7, 45). Of t he  absorption l i n e s ,  according t o  
Struve (Bibl.L5), s ing le t s  and t r i p l e t s  of neut ra l  helium and a l so  a se r i e s  of 
weak l i n e s  belonging t o  011, C I I ,  Si111 are  observed with certainty.  In  t h e  
infrared portion of the  spectrum, the  emission of CaII and o f  01 has been de
tected (Bib1.32, 38, L8) .  Struve (Bibl.LS) gave t h e  width of  t he  emission l i n e s  
o f  hydrogen, FeII and MgII as 

Line  Hp /PI lii, Fell M g l l  
width of l i n e  3 A 2 6 2 . 3 A  4 . 1  A 5 . 7 A  



3ir.ce t k e  width of  t'ne emission l i n e s  i s  p ropor t iona l  t o  t h e  v e l o c i t y  of  
r o t s t i o n ,  we can draw t h e  fol lowing conclusions,  aga in  us ing  t h e  l a w  of  t h e  
cor,stenc;y of t h e  moment o f  r o t a t i o n :  

1, 	The emission of NgII occurs  i n  lower p o r t i o n s  of t h e  emission zone 
than  t h a t  o f  FeII  and hydrogen; 

2. 	 The hydro3en l i n e s  occur  a t  va r ious  h e i g h t s  o f  t h e  emission zone, 
t h e  l i n e s  wi th  a lower e x c i t a t i o n  p o t e n t i a l  comb-q from deeper  
l a y e r s  . 

This  l e a d s  u s  t o  a v e q  important  ques t ion :  I t  i s  a f a c t  t h a t  t h e  k n o w  
dependence of  t h e  width o f  emission l i n e s  on t h e  i o n i z a t i o n  p o t e n t i a l  of 'dolf
&--et stars i s  nan i f e s t ed  p r e c i s e l y  i n  t h e  above sense: The g r e a t e r  tlie ioniza
t io r !  p o t e n t i a l ,  t h e  narrower w i l l  be  t h e  emission barids o f  t h e  corresponding 
iozs .  Fowever, an  i n t e r p r e t a t i o n  of  t h i s  phenomenon proposed by Mensel and 
E i l s  (A l l e r ,  Astrophysics ,  Vol.11, p.183) l e a d s  t o  completely con t r ed ic to ry  con
c lus ions .  Flerisel and B i l s  cons ider  t h a t  gases  i n  t h e  envelopes of  Wolf-&yet 
stars move o u t m r d  a t  an  acce le ra t ed  rate ar?d t h a t  t h e  width of  t h e  bands i s  
caused by t h e  Doppler e f f e c t .  I n  t h i s  case,  t h e  i o n s  wi th  a h ighe r  i on iza t io r ,  
p o t e n t i a l  are loca ted  i n  deeper  l a y e r s  of t h e  envelope, a conclusion completely 
con t r ad ic t ing  t h a t  c i t e d  above f o r  t h e  case  of B e  stars. Th i s  means t h a t  e i t h e r  
t h e  l a w s  o f  t h e  d i s t r i b u t i o n  of atoms i n  t h e  s te l lar  atmosphere are cont rad ic to
ry f o r  cases  of e x c i t a t i o n  and i o n i z a t i o n ,  o r  one of  t h e  explana t ions  i s  false. 
Thus, f o r  'Jolf-Rayet stars we cam o b t a i n  t h e  oppos i te  resul ts  i f  we a s c r i b e  a 
negat ive  v e l o c i t y  g r a d i e n t  t o  t h e  atmosphere. A s  for t h e  Be stars, t o  make t h e  
f a c t s  agree  we would have t o  r e j e c t  r o t a t i o n  as t h e  exc lus ive  ( o r  a t  l eas t  t h e  
predominant ) f a c t o r  o f  l i n e  broadening. 

L e t  u s  examine s e p a r a t e l y  t h e  c h a r a c t e r i s t i c s  o f  t h e  behavior  of  l i n e s  of 
va r ious  elements. 

a )  Hydrogen /201 

I n  1932 Merrill, Humason, and Burwell noted t h a t ,  whereas t h e  l i n e s  from 
Hr t o  HE show a v i s u a l  emission i n t e n s i t y  dec reas ing  wi th  an i n c r e a s e  i n  t h e  
n w b e r  o f  t h e  l i n e ,  t h e  u l t r a v i o l e t  l ines  from HC t o  H k  are observed i n  absorp
t i o n  ar,d are very  weak (Bibl.lL9). Cleminshaw de tec t ed  a change i n  t h e  widths 
of  emission l i n e s  of hydrogen (Eibl.29). The curve o f  t h e  width o f  H9, p l o t t e d  
on t h e  basis  o f  107measurements connected a t  mean annual  p o i n t s ,  showed good 
agreement wi th  t h e  mean'annual curve o f  r a d i a l  v e l o c i t i e s ,  The widths  of  Hy 
and Hb show only  n e g l i g i b l e  changes. The meaning o f  t h e  changes o f  t h e  curve 
o f  HF i s  t h i s :  The g r e a t e r  t h e  approach v e l o c i t y  obta ined  from t h e  s h i f t  o f  
hydrogen emission, t h e  narrower w i l l  b e  t h e  emission a t  RE, It is  assumed t h a t  
a phys ica l  explanat ion f o r  t h i s  f a c t  can be  given on ly  on t h e  assumption of a 
c h a q e  i n  e f f e c t i v e  he ight  of  t h e  emission l a y e r  of  HB i n  t h e  atmosphere, a t  a 
p o s i t i v e  v e l o c i t y  grad ien t .  I n  t h i s  connection, it would be of  i n t e r e s t  t o  
check t h e  ind ica t ed  c o r r e l a t i o n  f o r  short-term f luc tua t io r , s  o f  t h e  l i n e  width 
and r a d i a l  v e l o c i t i e s  f o r  b o t h  i n d i v i d u a l  l i n e s  and t h e  average f o r  a given ele
ment. 

The B e  stars show two types o f  changes i n  l ines:  
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a )  A change i n  r e l a t i v e  in t ens i ty  of t he  emission components V/R. 

b )  	A change i n  emission in t ens i ty  with respect t o  the  continuous spec
trum E/C. 

Nost observers [McLaughlin (Bib1.36, 50) ,  Ashbrook (Bibl. 51)l note t h a t  
the  r a t i o  V/R f o r  x Oph changes extensively, but  r a re ly  i s  grea te r  than unity, 
whereas the  t o t a l  i n t ens i ty  of emission shows no noticeable changes. True, 
these conclusions a r e  obtained on the  bas i s  of individual evaluations. Quanti
t a t i v e  data  on equivalent widths may lead t o  a rad ica l  revis ion of  these state
ments. However, reference i s  made here t o  the  in t e re s t ing  f&c t  noted by 
McLaughlin (Bib1.36) t h a t  i n  many (it is  not hown,  of course, whether i n  a l l )  
s t a r s  of the  Be type with a var iable  t o t a l  emission E/C, t he  v i o l e t  component 
of  the  emission l i n e  i s  more intense. If t h i s  charac te r i s t ic  should have the 
character of a l a w ,  whose physical meaning i s  s t i l l  vague, there  trill be no 
reason t o  expect a change i n  E/C f o r  x Oph. 

A s  already s ta ted,  a t  an appropriate dispersion the  emission l i n e s  w i l l  
double. Iiowever, McLaughlin who worked with a moderate dispersion (Bib1.36 ) 
noted tha t  H v  i s  even resolved in to  three emission components. We must assume 
tha t  the  th i rd  caq"pent occurs sporadically, since no other  observers have 
r,oted it. 

Burbidge, usi-ng the Hil tner  photograph of May 13, 1951 (dispersion 
L.8 $mm) detected a th i rd  emission component f o r  H? (Bib1.32). This w a s  lo 
cated midway between the  normal components V and El, and the  in t ens i ty  w a s  ap
proximately equal t o  V a t  a s h i f t  of -15.8 km/sec, which closely corresponded 
t o  the mean veloci ty  based on the  Balmer and Paschen l i n e s  on the  same negative, 
equal t o  -15.1 b / s e c .  1\10 t h i r d  component w a s  observed i n  higher members of 
the series.  ~! w a s  so wide t h a t  it w a s  impossible t o  dis t inguish any structure.  
Burbidge considered t h a t  t he  th i rd  component could occur i n  portions of t he  
envelope where the Balmer decrement was  steeper than i n  the usual emission zone. 
Hoxever, such an assumption can be confirmed only by discovering the  t h i r d  com
ponent i n  Hv. The sporadic occurrence of the  th i rd  component of  emission i n  
!iy, which i s  not always simultaneous w i t h  the  manifestation of t h i s  character
i s t i c  i n  H9, evidently complicates matters even more. 

Burbidge, on a d i f f r ac t ion  infrared spectrum with a dispersion of /202
17 k/m, was the f i rs t  t o  resolve the  l i n e s  of t he  Paschen s e r i e s  i n to  two com
ponents (Bib1.32). Their separation did not d i f f e r  from t h a t  f o r  l i n e s  of  t he  
Balmer ser ies .  Both f o r  t he  Balmer and the  Paschen l i n e s ,  t he  red component of 
emission was somewhat more intense than the  v io l e t ,  which i s  i n  good agreement 
with the  above r e su l t s  by McLaughlh. 

O f  the  oxygen l i n e s  i n  the spectra o f  Be s t a r s ,  we observed A r h ~ 6A 
(33P - 3"s) and h 777L (TP - 9s ) ;  t h e i r  behavior i s  an in t e re s t ing  point. It 
was found t h a t  X 8/&6 -5 emits mych more readi ly  than 01 777L. On the  other  
hand, the  absorption of ?, 777L0A i n  t he  spectrum of s t a r  envelopes i s  appreci
ably more intense than X 8LL6 A. Rather frequently, 01 8Lh6 i s  observed i n  
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emission whereas A. 7771, x g ives  a n  absorp t ion  l i n e .  Hence, it i s  obvious t h a t  
t h e  behavior  of t h e s e  l i n e s  i s  an  independent i n d i c a t o r  o f  t h e  c l a s s i f i c a t i o n  of  
stars w i t h  r e spec t  t o  t h e  two above types.  Actual ly ,  t h e  absorp t ion  o f  01 7771, 
will be s t ronge r  i n  f t she l l - s ta rsTt .  This  means, i f  01 8LLlLhi s  observed i n  emis
s ion  ar?d 01 777LLi n  absorp t ion ,  t h e  star can b e  considered a "shell-star".  If 
both  l i n e s  g ive  emission (of course,  unequal i n  i n t e n s i t y ) ,  we can conclude t h a t  
t h e  axis of  t h e  star i s  i n c l i n e d  on ly  l i t t l e  t o  t h e  lime o f  s igh t .  

Nhat i s  t h e  phys ica l  p r i n c i p l e  underlying t h e s e  phenomena? It i s  known 
t h a t ,  i n  s h e l l s  o f  l a r g e  r a d i u s  where t h e  d i l u t i o n  of  r a d i a t i o n  i s  s u f f i c i e n t l y  
q e a t ,  t h e  absorp t ion  l i n e s  wi th  metastable levels  are more i n t e n s e  than  l i n e s  
whose lower l e v e l  i s  ordinary.  Th i s  i s  understandable  becavse o f  t h e  f a c t  t h a t  
i n  a f i e l d  of  d i l u t e d  r a d i a t i o n  and i n  t h e  presence of r e l a t i v e l y  l i t t l e  exc i ta 
t i o n ,  t h e  o rd ina ry  l e v e l s  will be  r a p i d l y  discharged by  success ive  t r a n s i t i o n s ,  
whereas a t  t h e  metas tab le  l e v e l s  t h e  e l e c t r o n s  wi l l  accumulate, l e a d i n g  t o  an 
overpopulation. This  e q l a i n s  t h e  outwardly abnormal behavioroof  t h e  l i n e s  
T i I I ,  MgII, He i n  c e r t a i n  spec t r a .  The lower level  o f  7. 7771L4 35S i s  p a r t i a l l y  
metastable  so t h a t ,  i n  t h e  s p e c t r a  of fTs;ell-starstt, this l i n e  should be more 
in tense .  A s  for t h e  emission a t  Z 8LLh P-, Bowen proposed a mechanism o f  reso
nar!ce absorp t ion  for i t s  explana t ion  (Bib1.52, 53). The essence o f  this i s  as 
follows: The t r a n s i t i o n  01 P P  -,3% g ives  a wavelength o f  1025.766 r" ,  whereas 
t h e  wavelength of LP i s  1025.717 A. If t h e  emission a t  L? i s  i n t e n s e ,  resonance 
absorp t ion  w i l l  cause t h e  popula t ion  of t h e  l e v e l  33Dn of oxygen t o  increase .  
Reverse t r a n s i t i o n s  3 3 D  - 3'P w i l l  y i e l d  emission X 11287 !!"and w i l l  l e a d  t o  an 
overpopulat ion of 33P, t h e  upper l eve l  for emission >. 8fLL6'i. For a graphic  
explanat ion of  t h i s  mechanism, we are showing G r o t r i m ' s  diagram f o r  01 (Bibl.53) 
i n  Fig.1. 

Fig. 1 

Thus, t h e  appearance o f  emission a t  X 81,Lh 1- c h a r a c t e r i z e s  t h e  i n t e n s i t y  
of  emission a t  L3. S ince  t h e  behavior  of  t h e  Balmer series should resemble /203
t h e  behavior  o f  t h e  Lyman series, we  can expect a co r re l$ t ion  between t h e  in
t e n s i t y  of  t h e  Balmer l i n e s  and t h e  i n t e n s i t y  of >. R4L6 L.. Th i s  dependence, 
which i s  e s p e c i a l l y  w e l l  de f ined  f o r  HE, i s  a c t u a l l y  observed. Only apparent ly ,
t h e  re la t ive i n t e n s i t y o f  L 3  i s  apprec iab ly  h ighe r  t han  t h a t  o f  HE. 
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Sowents mechsnisrc could be checked i f  it were  p o s s i b l e  t o  observe t h e  i n f r e 
red l i n e  h 112P7 A. 

The o w g e n  l i n e  i n  t h e  spectrum o f  >! Oph was observed by Hil5ner  ( R i b l . L P ) ,  
S l e t t ebak  (Eibl.3�!), and Burbidge (Bib1.32). Ehiss ion a t  >. '7771, .I. i s  veq? weak 
i n  conformity with Eowen's mechanism and w i t h  t h e  available Information on t h e  
i n c l i n a t i o n  of  t h e  axis o f  r o t a t i o n  of x Oph. A s  we see, the e f f e c t  of t h e  
s h e l l  i s  l i t t l e  not iceable .  

A s  mentioned before ,  Burbidge WEIS a b l e  t o  r e so lve  ). FIr.lLh i n t o  two corrrpon
e n t s  based on t h e  degree o f  separa t ion ,  o f  which t h e  enLssion zone o f  01 appa
r e n t l g  i s  more remote from t h e  star than  t h e  emission zone of  hydrogen. It 
should be  noted t h a t  t h i s  does no t  f i t  i n t o  t h e  above-indicated scheze of  
s t r a t i f i c a t i o n  i n  r e l a t i o n  t o  t h e  e x c i t a t i o n  c o e f f i c i e n t ,  s i n c e  t h e  l a t t e r  i s  
smal le r  f o r  01 than  f o r  hydrogen. The red component of  01 8lOIL6i s  nuch more ?E
t ense  than  t h e  v i o l e t ,  u n l i k e  t h e  H and F e I I  l i n e s  f o r  which V,/3 i s  or,l:? slig5LI:T 
l e s s  than  un i ty ,  This  f a c t  has  no t  jret been explained. Possibl:<-, it has t o  dc 
with  an analogous s t r u c t u r e  i n  t h e  Iqrtan series, b u t  t h e  phys ica l  p i c t u r e  o f  
t h i s  conformity i s  extremely d i f f i c u l t  t o  p re sen t .  

c )  I r o n  

The emission l i n e s  o f  ion ized  i r o n  are c h a r a c t e r i s t i c  o f  t h e  spectrum o f  
y, Oph, second i n  i n t e n s i t y  a f t e r  t h e  hydrogen l i n e s .  They a r e  a l s o  resolved 
i n t o  two components, o f  which t h e  red i s  only  somewhat Dore i n t e n s e  than  t h e  
v i o l e t .  One anomaly i s  observed ( B i b l . L 5 ) :  o f  t h e  two weak l i n e s  F'eII A523 
[b4$ - e?D',] and F e I I  L5C8 [b4Fk - o4D;], t h e  first i s  more i n t e n s e ,  whereas 
i n  t h e  1aboratoq.r  spectrum t h e  oppos i te  i s  t r u e .  

Fig. 2 

On t h e  basis of  pre l iminary  d a t a  obta ined  as t h e  r e s u l t  o f  spectrophoto
metry o f  s eve ra l  E e  stars, B u t l e r  (Bibl.5') suspected a p r o p o r t i o n a l i t y  o f  t h e  
emission of F e I I  t o  t h e  i n t e n s i t y  of t h e  emission a t  Hrc. It i s  o f  i n t e r e s t  t o  
check t h i s  f a c t  for stars wi th  a v a r i a b l e  i r t e n s i t y  of  emission. An t i c ipa t ing  
t h e  r e s u l t ,  we can s ta te  r i g h t  here  t h a t  our d a t a  f o r  x Oph permit  no f i n a l  
conclusions. 

d )  Calcium 

The ques t ion  o f  t h e  presence of CaII i n  x Oph i s  d i spu tab le .  According t o  
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various authors (3ibl.31, 29, 32),  the  u l t r av io l e t  doublet H and K of CaII, 
w:hich i s  observed i n  absorption, has an i n t e r s t e l l a r  origin. It has not been 
estabbished whether the  inf ra red  emission t r i p l e t  of  CaII 0, 8662, 85L2, 
SL98 J), which i s  of ten encountered i n  B e  s t a r s  along with absorption a t  H and 
K i s  observed i n  x Oph, s ince t h e  l i n e s  of the  t r i p l e t  a r e  close t o  the  very 
intense l i n e s  of the  Paschen hydrogen ser ies .  

'dyse proposed a mechanism f o r  the  coexistence of u l t r av io l e t  absorption /2oL 
and infrared emission of t he  ion  CaII i n  s t e l l a r  atmospheres (Bib1.55). H i s  
explanation y ie lds  Fig.2, taken from h i s  paper. 

The state 3d2D i s  metastable, and i n  order f o r  emission t o  occur some other 
t r ans i t i on  should ex i s t  besides Lp2P which reduces the population of the  meta
s tab le  leve l .  Nyse bel ieves  t h a t  ionizat ion f rom the  "D l eve l ,  produced by LP 
whose e n e r s  i s  o n l y  s l i g h t l y  greater  than the  ionizat ion energ3r of  CaII from 
t h i s  s t a t e ,  represents such a t rans i t ion .  

Comparing this mechanism y i t h  t ha t  proposed by Bowen for oxygen, it seems 
t h a t  the  behavior of t he  inf ra red  emission of  01 and CaII permits an evaluation, 
i n  par t icu lar ,  of the Lyman decrement L x L B .  The enormous magnitude of t h i s  
qcant i ty ,  and especial ly  i t s  changes, i s  obvious. 

d number of  authors (Bibl.23, 56, 57) made photoelectric determinations of 
the  color of x Oph; none of these were made separately but  always together w i t h  
other  s ta rs .  The results are  given below. 

5chi l  t andJackson ! R i b I .  c 6 )  b o s t e r h o f f  ( B i b l .  77) 

C.1 n E C . I  I ri  I E 
- 1-1 

-0.mo'L - t0." '17 

Here C.1 and E a re  the  color index and color excess, reduced t o  the  system 
of  Stebbins, Huffer, and Nhitford (Bit1.23). The e f f e c t s  o f  t he  wavelengths of  
Stebbinsf system a r e  A 4260 and lc770 A ;  n i s  t h e  number of  observations from 
which t h e  r e su l t  given i n  the  Table w a s  obtained. 

Thus, i n  Stebbinst system the  color index of x Oph i s  close t o  zero with a 
good in t e rna l  consistency o f  t he  resul ts .  This i s  contradicted by the  r e s u l t s  
of  Tsoi D a i  0 (Bibl. 2 )  who determined theoabsolute  spectrophotometric gradient 
of t he  star f o r  t he  region 1. 3650 - Lh50 4.. H e  obtained El = 1.51  & 0.16, which 
leads t o  a noticeable pos i t ive  color index. Correction f o r  selected in t e r 
s t e l l a r  absorption reduced t h e  gradient t o  only 1.11, i.e., t o  a value corre
sponding t o  t he  gradient of cv L p ( A 0 ) .  Obviously, t h e  abnormally red color of 
x Oph cannot be explained by external  causes. Furthermore, x Oph remains one of 
the  reddest stars among those investigated by Tsoi D a i  0, being somewhat in
f e r i o r  only t o  x2 ~ri". 

3: For footnote see following page. 
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The Balmer discont inui ty  of x Oph, found by the  above author, proved t o  be 
equal t o  -0.03 + 0.01. I n  the  l i s t  by Tsoi D a i  0, o n l y  th ree  stars out o f  f o r t y  
of the  investigated objec ts  of c lasses  Be and B show a negative value of dis
continuity. Two of them belong t o  c lass  BOe, one of them i s  the  well-known 
y Cas and t h e  t h i r d  star i s  x Ophiuchus. 

The increase in in t ens i ty  beyond the  limits of the  Balmer se r i e s  points  
toward the  existence of  e i t h e r  a rather dense envelope o r  an intense continuous 
emission t h a t  d i s t o r t s  t h e  u l t r av io l e t  spectrum of  t h e  star. /2c5 

The presence of continuous emission i n  t h e  spectrum of x Oph, j u s t  as i n  
y Cas, was detected by Chving Sung Yu i n  1927 (Bib1.58), who noted the  re la t ion  
between the  in t ens i ty  of this emission and t h e  i n t ens i ty  of emission a t  Ii" and 
i t s  absence o r  extreme weakness i n  s t a r s  w i t h  brightness HP and absorptiop i n  
the remining  hydrogen l ines .  There was a change i n  the  in t ens i ty  of continuous 
emission i n  the spectrum of  s t a r  f f  Cyg, which occurred p a r z l l e l  t o  the  changes 
suffered by the  emission a t  HP,. Chving Sung Yu confirmed t h a t  the  in t ens i ty  of 
the continuous emission increases from the  l as t  v i s ib l e  Balmer l i n e  t o  t t ,e 
boundary of the ser ies ,  a f t e r  which it begins t o  drop off  according t o  the l a w  
v -3 . I ts  maximal value i n  y. Oph i s  about 22% of the  in t ens i ty  of the  continucus 
spectrum a t  the given point (Bibl.59). Karpov (Bibl.60), i n  studying the hydro
gen emission of BO - B 5  s t a r s ,  detected a r ise i n  in t ens i ty  of tk,e cor?tinuous 
spectrum a t  the boundam o f  the  Balmer se r i e s ,  which cor re la tes  with the intensi
t y  of t he  emission l i n e s ,  This phenomenon was detected only f o r  stars e a r l i e r  
than She. Burbidge a l so  noted continuous emission i n  the  spectra of cer ta in  9e  
stars (Bib1.33). One gains the impression t h a t  t h i s  phenomenon i s  ra ther  fre
quent i n  stars of t he  Be class.  True, we cannot say f o r  cer ta in  what the in te r 
re la t ion  might be between the  excess continuous emission i n  t he  u l t r av io l e t  of 
3e s t a r s  and t h e  phenomenon which bears  the  same name and has been the  m i i n  COF.

cern o f  researchers on l a t e  variable dwarfs. 

Polarization i n  the  integrated l i g h t  of y, Oph was detected by Hall and 
Mikesell (Bibl.61) and van Smith (Eibl.62). In  the f i r s t  case, polar izat ion w a s  
found t o  be O.L% (based on t w o  observations) arid i n  the  second case 1.�?g9i .e . ,  
negligibly small in both cases. The question concerning the  changes o f  t h i s  
value remains open i n  view of the sparse material. 

e )  Resum6 

A11 of the  observational material  pertaining t o  the  star :< Ophiuchus known 
t o  the  author was examined i n  the  present Chapter. Surruning up, we emphasized 

$5 If t h i s  i s  the  case, the  absolute nagnitude c i ted  a t  the  beginning of the  
Chapter i s  overestimated since it w a s  determined on the assunption t h a t  t he  
e n t i r e  color excess i s  due t o  i n t e r s t e l l a r  absorption. However, even an over
estimation by one magnitude, produced i f  only half  of t he  observed color excess 
i s  explained by i n t e r s t e l l a r  causes, w i l l  s t i l l  be within the  dispersion of ab
solute  magnitudes f o r  t he  given subclass, wl-ich according t o  Parenago (Eibl.3) 
reaches tE.5. Consequently, the  conclusion t h a t  the  star belongs t o  t h e  main 
sequence s t i l l  holds. 



cer ta in  charac te r i s t ics  o f  t h e  s t a r  which require pa r t i cu la r  a t tent ion.  

1. ;< Ophiuchus i s  a star of t he  main sequence with a var iable  brightness,  
r ad ia l  velocity,  and - apparently - color. 

2. The r ad ia l  ve loc i t i e s  obtained from the  absorption l i n e s  of the  revers-
i n s  layer ,  emission component, and cent ra l  absorption are d i f f e ren t  i n  value 
and, probably, i n  character of changes. 

3. k difference i s  observed i n  the  behavior of s ing le t s  and t r i p l e t s  of 
helium, which i s  expressed both i n  the difference of t he  mean values of v, and 
i n  the  s h i f t  of the phases of the  r ad ia l  veloci ty  curves. 

L. The curve of t he  changes i n  widths of  t h e  emission l i n e  of  HF! qui te  ac
curatelp osculates the  r ad ia l  veloci ty  curve obtained from t h e  hydrogen l i n e s ,  
whereas nei ther  b.1 nor H6 show such conformity. 

5. A t h i r d  component of  the emission f o r  HP arid Hy occurs spora,dically. 
Unfortunately, it i s  not known whether t h i s  takes  place i n  both l i n e s  simultane
ously or independently. 

6. The red component of  the  emission i s  somewhat b r igh te r  than the  v io l e t .  
An exception i s  the  l i n e  01 PirL6, f o r  which t h i s  r a t i o  i s  much greater.  

7. The emission l i n e s  i n  the spectrum of  y. Oph are  very narrow. Although 
the s t a r  i s  not a ty-pical "pole-on start1, the  e f f ec t  of  the  s h e l l  on i t s  /2@ 
spectrun i s ?comparatively small, which follows from t he  absence of absorption 
a t  01 7771,;:. 

6. y, Oph i s  distin-sished by intensive reddening, caused by the  physical 
pecu l i a r i t i e s  of t he  star. 

9. Tne negative value of t he  Balmer discont inui ty  ind ica tes  t h e  possible 
presence of r,onthermal continuous enission i n  the  u l t r a v i o l e t  spectrum of  the 
star. 


10. Polarization o f  the  integrated l i g h t  of x Oph i s  negl igibly small. 

The numerous observations bear a nonsystematic character. However, t h e  
r e s u l t r n t  charac te r i s t ics  do show t h a t  the  star i s  a highly in t e re s t ing  object  
fo r  fu r the r  invest igat ions of an observational (with spectrophotometric inclina
t i o n )  as well a s  of  a theore t ica l  nature. 

2. Nethodics 

The observations o f  y, Ophiuchus a t  the  Astrobotany Sector were s ta r ted  i n  
the  Summer of 1956. However, because of t he  great  d ive r s i ty  o f  the  negative 
mater ia l  used, these da ta  were c o t  used i n  the  f i n a l  analysis.  The material  
presented here was obtained from the  beginning of May t o  August 1957. The ob
servations were carr ied out  on every c l ea r  moonless night,  using t h e  permissible 
hours of t he  selenian period. However, a s  a consequence of t h e  extraordinar i ly  
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unfavorable and unusual summer a t  Alma-Ata, observations could be carr ied out 
only on 28 nights. To define t h e  short-term changes i n  t h e  spectrum of the star, 
photographs were taken every 30 min up t o  e ight  times per  night. The observa
t ions  were  carr ied out  by means of t he  Bredikhinskiy astrograph (D = 170 mm, 
F = 80 cm) and an objective prism cn = 170. A s  negative material we used Agfa 
Isopan ISS plates .  The chromaticity curve of  t h e  Bredikhinskiy astrograph made 
it impossible t o  obtain a focal  photograph over t h e  e n t i r e  length of t he  spec
trum. Because of lack of  time, it was  a l so  impossible t o  take photographs with 
a variable focus. Therefore, we selected a Cocus of 9.5 which yielded good 
def in i t ion  of the spectrum up t o  about 5500 A. Only r e l a t i v e  measurements were 
possible in t h e  longer-wave region of the spectrum under such conditions. 

The negatives were cal ibrated by means of diaphragms attached t o  the  te le 
scope objective; beginning wi%h the  negative x 25, a cruciform diaphragm with 
sectors  of var iable  cross section was used. The photometric scales  were obtained 
with respect t o  the  star CY L y r  on each observation night. The exposure, i n  
f ixing the  scale,  was  approximately 1/10 t h a t  of t h e  exposure i n  photographing 
the  investigated region. However, according t o  da ta  by G.A.Tikhov (Bibl.L), who 
investigated Agfa Isopan plates ,  such a divergence y i e lds  no more than a 12% 
e r ro r  i n  the  slope of t he  charac te r i s t ic  curves. When doubling the  exposure 
time, no noticeable deviation from the  reciproci ty  l a w  was observed. Thus, t h i s  
shortcoming of the  method i s  not too serious. 

The photographs taken in one night were  obtained on sections of t he  same 
p la te ;  on one negative was  printed t h e  scale ,  calculated such t h a t  t h e  t o t a l  
exposure time of  t he  scale-carrying negative was approximately equal t o  t h e  
exposure time of other  negatives on which up t o  three  photographs of t h e  invest i 
gated region were obtained. 

For standardization, t he  spectrum of Q L y r  with the  same diaphragm and /2O7
the same exposure as t h a t  used f o r  t he  investigated region was printed on each 
plate.  

This made it possible t o  calculate  the  atmospheric attenuation o f  light 
which, when comparing cy Lyr with s t a r s  i n  the  region of x Oph, i s  very substanti
al. 

Along with t h e  objective-prism spectra on t e e  mirror-lens telescope AZT-7 
with an ASP-9 s l i t  spectrograph (dispersion 140 A / m  f o r  Hy), we obtained one 
spectrogram of t h e  star y. Oph on each of t he  e ight  nights. The dispersion of 
the  s l i t  and t he  objective-prism spectrograms coincided i n  accuracy. The purpose
of simultaneous observations of t he  star by t h e  methods of slit  and prism 
spectrography was: 

a )  To obtain the  Balmer decrement H31:H0, which i s  impossible t o  do from 
prism spectra because of the  chromatic aberrat ion of t he  op t i ca l  
s y s t e m  of t he  Bredikhinskiy astrograph. 

b )  	To compare the  r e s u l t s  of photometry of t he  l i nes :  t he  p r o f i l e s  and 
equivalent width obtained with a prism and the  slit spectrograph, used 
as a c r i t e r ion  f o r  t he  significance of t h e  data  obtained by the  first 
method. 
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The spectrograms were measured b:r a recording microphotometer NF-/: v ~ t , h  
X 7 magnification. For photometry of t h e  l i nes ,  t h e  spectra  were rated on an 
YiF-2 photoelectr ic  microphotonetFr. On t h e  spectrum, the slit of the  micro-
photometer cut out an arza of 1 P width i n  the  region of t h e  HP l i n e .  Points  
were a l s o  taken everj- 1 1.. 

In  a l l ,  for measuring the  continuous spectrum we selected 126 spectrogram, 
on which, including t h e  comparison star and r/ Lyr standard, we analyzed 331 
spectra. For photometry of  t h e  l i n e s ,  we used 120 spectra. 

Tine conversion of blackening $0 i n t e n s i t y  was  done from t h e  monochromaticity 
c h a r a c t e r i s t i c s  plot ted every 100 C. Curves similar i n  slope and posi t ion were 
interconnected. The spectra  were analyzed a l t e r n a t e l y  on t h e  b a s i s  of 17 - 18 
charac te r i s t ic  curves. 

3. Investi,qation c f  t h e  Continuous Spectra of x Ophiuch i 

The continuous spectmm i s  t h e  bas ic  c h a r a c t e r i s t i c  o f  emission of a star. 
Its energy d i s t r i b u t i o n  i s  determined by physical conditions i n  t h e  star and 
thus inakes i t  possible t o  determine these conditions. Determination of the 
energy d i s t r i b u t i o n  i n  the  s t e l l a r  spectrum i n  absolute energy u n i t s  i s  usually 
based on correlat ing the  invest igated spectrum with a well-calibrated t e r r e s t 
r i a l  source, which i s  a cumbersome task. For a r,urriber of problems o f  prac t ica l  
astrophysics,  such as mass s t a t i s t i c a l  invest igat ions of the  emission of  stars 
or s tudies  of the  changes i n  the  spectra of  var iables ,  e tc . ,  i t  i s  completely 
sui 'f icient t o  know the  spec t ra l  energy d i s t r i b u t i o n  of t h e  investigated object 
w i t h  respect t o  t h a t  of a selected reference object.  Such r e l a t i v e  spectro
photometry i s  present ly  used i n  t h e  m j o r i t y  of astrophysical work. Further
nore, i f ,  as comparison star, we s e l e c t  an object  f o r  which absolute measure
nents a r e  avai lable  ( f o r  example, r/ Lcvr), then it i s  not d i f f i c u l t  t o  change t o  
the absolute enersr  d i s t r i b u t i o n  in t h e  spectrum of  the  invest igated star. 

Thus, i n  r e l a t i v e  spectrophotometric work, the  d i r e c t l y  measured quantity 

k:-x .i s  l o g  -,
Lx 

i .e.,  the  logarithm of t h e  r a t i o  of monochromatic i n t e n s i t i e s  / 2 ( X  

of the  investigated and comparison stars. Observations have shown t h a t ,  i n  
s u f f i c i e n t l y  l a r g e  spec t ra l  ranges, t h i s  value i s  a l i n e a r  function of the  wave 
number I./?. T h i s  has  made it possible  t o  introduce t h e  concept of a r e l a t i v e  
spectrophotometric gradient f o r  the  nuneyical c h a r a c t e r i s t i c  of continuous 
spectra,  determined from t h e  cor re la t ion  

and t o  then geometrically designate  t h e  tangent t o  t h e  angle of  inc l in9 t ion  of 
the  indicated l ine.  Since, I n  spec t ra l  ranges up t o  a length of 1000 .?, t h e  
s t e l l e r  emLssion i s  s a t i s f a c t o r i l y  characterized by Planck's l a w ,  



then the  spectrophotometric gradient has a single-valued congectivity with the 
so-called spectrophotometric temperature of t h e  star 

where T3?and designate, respectively,  tine temperatures of  the  investFgated 
and comparison stars. The concept of temperature i s  purely formal here, since 
it serves only as a numerical charac te r i s t ic  of the  e n e r g  d i s t r i b u t i o n  i n  the  
examined spec t ra l  range and has a physical meaning only i n  the  case of black
body radiat ion of 2 star. The quant i ty  

i s  known as the  absolute spec-crophotometric gradient. It i s  obvious fror.  eq.(3) 
t h a t ,  ir"the  r e l a t i v e  spectrophotometric gradient of  the  investigated star i s  
determined from observation and i f  t h e  absolute gradient of the  comparison star 
i s  known, it i s  not  d i f f i c u l t  t o  determine t h e  absolute gradient nr,d temperature 
of the  investigated object. 

The comparison star i n  our work w a s  I�D lL8e91!(ah = C P 5 ;  P,,~ = 1 2  57, 
FO). I t s  spectrum was recorded on the p l a t e  simultaneously w i t h  the spectrum 
of x Oph, which i s  one of t h e  basic  advantages of  prism observations. Fecaxse 
of only  a small difference i n  zeni th  dis tances  of both objects ,  a calculation 
of the atmospheric a t tenuat ion of  l i g h t  was superfluous, 

The r e l a t i v e  spectrophotometric gradient of y. Opk was determined i n  the 
usual manner. Conditional equations of the  type 

were s e t  up f o r  21 wavelengths, which were solved b:i the  method of l e a s t  
squares. 

Along with t h e  gradients,  we determined the  standard deviation of the  ob
served r e l a t i v e  energy d i s t r i b u t i o n  i n  the  spectnm of  the  star from a dependence 
o f  t h e  type of eq. ( 5 )  

where ~(lp.)= l / h  I1 + CY - 4 log  I. T h i s  quant i tv  character izes  the  gradient /2oq 
determinations 

The absolute gradient of the  zomparison star w a s  determined by correiat ing 
it w i t h  the  spectrum of n/ L:p. For t h i s  purpose, we determined the  r e l a t i v e  
gradient of HD 11$898 w i t h  respect t o  CY L p  from each negative and then zalcu
l a t e d  t h e  atmospheric a t tenuat ion of Light by t h e  method described elsewhere 
(Bibl.5);  from t h e  resu l tan t  corrected values f o r  individual  nights,  we obtained 
the mean va1u.e of the  r e l a t i v e  gradient f o r  t h e  comparison star. The dispersion 
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Relative Energy Dis t r ibu t ion  i n  the  Spectrum of x Ophiuchus (Fig.3) 
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TmLE 1 

Negbti r e  

1 7 1 8 

x-2 963,3368 0.86 20.3 2,69 5 ,4  I ,85 
15(1)  3660 1 ,b6 11,o 2,3Y ti, 1 1,86 
25 (2) 3750 0,58 0 2  2.47 5 ,9  1 ,BY 
Y.6 964 ,:3354 1.15 13,5 2,51 5.8 1,g.i 
x7 3660 1 ,?4 8.4 2.59 5.6 1 ,b6 
X8 3Y38 2.00 7 ,3  2.27 6.4 1 ,e0 
Y.9 4257 1,25 12,2 2.57 5.7 I ,84 
7.10 9i6.2743 I ,77 8.2 1,58 9,5 1.36 
7-11 ( I )  980,2813 1,81 8 , O  1 ,ti7 8,Y 1.65 
%11 ( a )  3083 0.52 cc 2,14 6.8 I , 7 U  
%I2( I  I 336 1 0,YH l6 ,7  2,13 6 ,n 1,76 
7. 12 (2) 36C4 1,29 11 .7  2,38 6.1 1 ,u2 
213 ( I )  37i8 0,&1 ?2,4 2,21 6.6 1,74 
213(2) 4014 1.18 13, I 1,88 7 , s  1,89 
7.14 4201 1,54 9.6 1,74 8.5 2.11 
XI5 ( I )  982,2632 1,43 10,4 2.35 6,  I 1,76 
XI5 (2) 2882 I ,  18 13.1 2.60 5.6 2,30 
716 ( I )  3 1611 1 ,"8 11 ,H 2,84 5. I I , 78  
I16 ( 2 )  2396 1.19 l J , O  2,73 5 , 3  2,06 
7.16 (3) 361 1 1 .YO 7.7 2.76 5.3 I,u8 
XI7 ( I )  3833 1 ,U7 14,9 2,80 5 ,2  1,69 
XI7 (2) 4042 1,13 13,s 2,05 7.1 2.22 
7.18 ( I )  986.2972 1.45 10,2 2.53 5.8 1.72 
7. I I )  (2) 3194 0,Y7 17,O 2.54 5.7 1.84 
Y.19 (1) 3528 1,97 7,4 2.,04 7,2 1.91 
7-19(2) 8750 1.47 10,l 2.34 6 , 2  1.69 
x20 995,2118 1,26 12,l 2,6Y 5.4 1 ,YY 
Y.21 (1) 2158 1,35 11.1 2,39 6,1 1,9s% 
121 (2) ?688 1.89 7.7 1 ,Y4 7.6 1,87 
7-22 ( I )  2917 0,88 19.6 2,66 5 ,5  I ,hG 
i122 (2) 310.1 0.95 17,5 3,Ol - I ,20 
x23 ( I ) 3313 1,26 !2,1 2,40 6,0 2,  IO 
-1.23 (2) 3528 1,27 12,o 2.53 5 ,3  1.71 
724  3729 I .67 8.8 2,60 5 ,6  1,81 
xi5 3'36,2035 28 ,o 2.65 5.5 1.71 
926 ( I )  23331 8 ,9  2,29 ti.3 1,74 
-1.26 (2) 2570 11,7 2,50 5.8 1 ,73 
7.27 (1) 2785 1 1 , l  2,65 5 ,5  1,ti5 
7.27 (2)  '1986 9.8 2,71 5.4 1.61 
7-28 (1)  3194 10,8 2,5Y 5.6 1,72 
;c28 (2) 338Y 8,s 2,07 7. I 2 , w  

2436. .. 
.X30 (1) 005,1917 9.1 2,41 6 , O  1,57 
7.30 (2) 2167 9 , I  2.24 6 , 5  I ,65
x3I 2375 11,6 2,33 6.2 1.48 
7.32 (1) D06,1979 11.7 2,69 534 1,84
%32 (2) 2181; 23.4 2.50 5 , 8  1,96
P33 ( 1 )  2417 12,7 2.73 5.3 1.54 
7.33 (2) 2601 12.1 2,62 5.6 1.75 
234 ( I  ) 007,2222 12,7 2,90 5 .o 1,64 
7.34 (2) 2431 13. I 2,47 5.9 1.53 
7.34 (3) 2722 7.6 1,94 7 ,6  1,75 
-1.35 (1) 00,1847 8,6 2.44 tl ,0 1.73 
-1.35 (2) 2042 9.3 2.38 6.1 1,e:
-1.36 ( I ) 2250 18.0 2,45 5 , 9  I ,90
-1.36(2) 245 I 9.7 2.55 5 ,7  1,Y4 
137 ( 1) 2674 15,6 2.23 6.5 1.75 
7-38( 1 )  O(19.1875 2.50 5.8 I .4l 
-1.38 (2) 2083 :::"G 2,31 6 , 3  1.47 
7.39 ( 1 ) 13.5 2,86 5, l  1,84 
7.39 (2) 2.5'21 8.9 2.68 5,4  1 *Y5 
Y.39 (4 2729 9,1 2.70 5,4 2.07 
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109.2924 

3132 
115.1764 

2007 
118. I806 

201.1 
2292 
2500 
2708 

)19.2146
2.310 
2542 
2750 
295 I .  

)21.19111
2139 
2.340 
2590 
2750 
2% 1 

122. I 736 
1938 
2160 
23 17 
2.542 
27 4.3 
2944 

124. I757 
199.3 
2215 
2361 
2625 
27s5 
2458 

3-10. 1 :)56 
1792 

D43. I61 I 
1 XGY 
2097 
2 J l 3  

0 4 4 . 1 5 ~ ~ 1  
1833 
'2063 
2292 

C46.157b 
1806 
1889 
2014 
2129 

049.1646 
1847 
2 IO4  
2276 
2472 
2625 

053.1771 
1917 
21 18 

'1472 

_ 

1.49 9.9 2.61 5.5 2,23 6.6 
1.48 1O.U 2.42 6.0 2.12 7.0 
1.69 8.7 2.  lY 6.6 2. IO 7. I 
1.35 11.1  3.40 6 .0  I .9H 7.6 
I ,09 14.5 2.38 6.1 1.88 8.0 
1.63 9.0 2.37 6.1 2.03 7 . 2  
1 .:j1 11.5 2.47 5.9 1.81 8.4 
1.43 10.4 2 .27  6.4 1.76 8.7 

1 .:42 
1.06 

11.4 
15.0 

2.48 
2.55 

5.1)
5.7 

1.67 
1.61 

9.3 
9.5 

0.9', 
1.11 

17.F, 
14.2 

2.49 
2.56 

5.8 
5.7 

1 .RL  
1.67 

8.3 
9.3 

I .3b 1 I .o 2.30 6.3 1.85 8.2 
1.14 13.7 2.51 5.8 1.44 11.3 
1 .30 
1 .3rs 
1.45 

1 I , ( i
I I .  1 
10.2 

2.47 
2.01 
2.  I S  

5 .9  
7,2 
6.8 

1 .ti5 
1.69 
1.81 

Y.4 
9.2 
8.1 

1.07 
1.30 
I .20 

11.1, 
11.6 
12.8 

2.  a39 
2 . 5 j
2.25 

6 .1  
5 . 8  
6 . 5  

1.68 
1.87 
I .5.3 

9.2 
8.1 

10.4 
1.12 
1.12 

10.5 
14.0 

2.22 
2.53 

6.5 
5 .8 

1.7r 
I .'io 

8.8 
9. I 

0.97 17.0 2.42 6.0 I .so 6.0 
I .23 12.4 2.59 5.6 1.70 9. I 
1.13 13.8 2.63 5.5 1.62 9.6 
I .09 1 4 . 5  2.78 5 . 2  1,65 9.4 

.78 

.40 
8.2 

10.6 
2.16 
2.17 

7 1  
6.7 

I .ti0 
1.55 

9.8 
10.2 

.67 

.27 
8.8 

11.9 
2.29 
2.81 

6.3 
5.2 

1.77 
1.62 

8.6 
9.6 

.42 10.5 2.45 5.9 1 .62 9.6 

. G I  

.47 
x .9 

10. I 
2.00 
2.31 

7.3 
6 3  

1,62 
1.46 

9.6 
11.1 

.49 

.85 
9.9 
7.9 

2.41 
2.16 

6.1)
G.7 

1.73 
1.82 

8.9 
8.3 

.77 

.47 

.30 

3 . 2  
10. I 
11.6 

2.05 
2 .  .XI 
2.30 

7.1 
5.6 
5 .8 

1 .67 
1.82 
1.77 

9.3 
8.3 
8.6 

.5 I 9.8 2.51 5.8 1 .6(i 9.4 

1 ,-I5 10.2 2.28 6.3 1.78 8.6 

1.41 10.6 2.09 7.0 1.64 9.5 
1.42 10.5 2.62 5.6 1.77 8 . 6  
1.22 12.5 2.51 5.8  1 .R7 8.1 
1.16 13.4 2.57 5.7 1.92 7.8 
1 126 12. I 2.51 5.8 1 . M  8.4 
1,29 11.7 2 . 1 5 , s  I .R5 7.7 
1.48 I 0 . U  2.16 6.7 1.92 7.8 
1.59 9.2 I .96 7.5 2 . 2 6  6 .5  
1 .81  8 .0  3.28 - 1.55 19.2 
1 , 2 3  12.4 2 . 5 i  5.7 1.82 8.3 
I .37 10.9 2.65 5.5 1 . i O  9.1 
1.29 11.7 1.91 7.7 1.92 7.8 
0.Y1 18.6 1 .R9 7.8 1 .96 7.7 
2.04 7.1 1.6s 8.9 1.86 8.1 - 1.69 8.8 1.74 8.8 
1.35 I I . 1  2.40 6.  I 1.39 11.9 
1.55 9.5 2.56 5.7 I .77 8.6 
0.37 8 2.33 6.1 1.53 10.4 
0Io0 m 2.31 6.3 1.54 10.3 
0.34 m 2.3.7 6.2 I .97 7,6
0.69 OQ 2.39 6.1 1.79 8.5 
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of i t s  values f o r  d i f f e ren t  nights  character izes  the  upper l i m i t  of accuracy 01 

our gradient determination. Actually, the  photographs of  CJ Lyr and the  region 
of x Oph, i n  which HD 1Lt3898 i s  found, were not taken simultaneously; cy L y r  w a s  
photographed with a diaphragm, An extensive difference of zenith dis tances  and 
the  incomplete calculat ion of atmospheric a t tenuat ion due t o  inconstancy of t he  
atmospheric transparency great ly  reduced t h e  estimated accuracy of the  work. 
A l l  these fac tors  were excluded when determining t h e  gradients o f  x Oph. Thus, 
t h e  accuracy of determining the  gradients of  t he  investigated star i s  appreciably 
higher than the  value given below. However, even this value i s  not too high and, 
i n  any case, does not throw doubt on the  constancy of  t he  comparison s ta r .  

For I-!D 118898, we had t o  determine two values of t he  spectr9photometfic 
gradient: t he  photographic vaJue for t h e  port ion XA 3800 - 5200 b and the  v isua l  
value f o r  t he  Ah 5300 - 6500 h range, The absolute gradient of cv Lyr has been 
determined by many authors, since it i s  not d i f f i c u l t  t o  obtain the absolute 
gradient of the comparison star. We took the  values of t h e  gradient of 9 Lyr 
given by L,V.Mirzoyan f o r  t he  range AX 3700 - L600 A ( B i b l o $ ) ,  as I, = 1.1L and 
by O.A.Mel*nikov f o r  t he  photo-visual range A X  L220 - 7190 !: (Bibl.7), as c, = 
= 1.19. With these values, we obtained the  absolute gradients o f  HI) lL8�?9�?f o r  
the photographic and v isua l  regions 

Q l  = 1.68 t 0.18; 02 = 1.24 i: 0.11. 
~ 

The f i rs t  value corresponds nicely t o  t he  absolute photographic gradient 
determined by Barbier and Chalonge fo r  s t a r s  o f  c l a s s  F'o, namely, 6l = 1.7C 
(3i b l  .8 ). 

For determining t h e  limits of the  spec t ra l  range characterized by one value 
of t he  gradient and for graphically representing the  spectrum of the  investigated 
s t a r ,  we plot ted the curves o f  the  r e l a t i v e  e n e r g  dFstributiorL i n  the spectrum 
of x Oph with respect t o  HD 1L889P (Fig.3). An examination of t he  curves showed 
primarily t h a t  the spectrum of x Oph must be represented bynthree values o f  the  
gradien$: v i o l e t  ().A 3800 - LLILOOL), blue ().A L500 - 5200 ), ar.d red ( h A .  5300 - 6500 ,h), which i n  the  photographic range o f  t h e  s p e c t m  represents, i n  a 
manner of speaking, a trough of var iable  depth. Secondly, it i s  obvious tha t  
the  energy d i s t r ibu t ion  and the brightness of  the  s t a r  bas ica l ly  vary frorr? night 
t o  night as well as within the  same night or" observation. The quant i ta t ive 
charac te r i s t ic  o f  the  changes i n  the  energy d i s t r ibu t ion  i s  given b;.' the  absolute 
gradients P , ,  9, ,  corresponding t o  the  above s p e c t m  ranges and presented 
i n  Table 3. The f i r s t  column of the  Table gives the  number of the  negative, t he  
second column the  time of observation i n  I.D., followed b;J t h e  gradients and the  
corresponding vzlues of t he  spectrophotometric temperatmes. 

A s  we see, the  changes i n  the  gradients appreciably exceed the e r rors  j 2 l 5
of observation. Therefore, although there  i s  no reason t o  doubt the r e a l i t y  of 
these var ia t ions,  it was of i n t e r e s t  t o  reveal t he  charzcter of charges i n  the  
gradients from night t o  night. For t h i s  purpose we obtained the  probabili ty-
weighted average of a l l  observations f o r  each night from t h e  fomula  

I:-1 A@ 



where 6 w a s  determined by eq.(h). 

The resu l tan t  values of 9 are represented i n  Fig.L. Along the  abscissa  i n  
this diagram a re  p lo t ted  the  times of observation i n  I .D.  A study of Fig.L 
shows the  wel ldef ined  %irror-imageI? dependence between the  diurnal  changes of 
e ,  arid e2 . With increasing , P, decreases and vice versa. The individual 

Fig.L Curves of Changes i n  Absolute Spectrophotometric Gradients 
Each point i s  a probability-weighted average, obtained 

from observations of one night 

disturbances do not cas t  doubt on the character of the  correlation. I n  the  
second half  of the  observation period, P, shows diurnal  changes t h a t  run pa ra l l e l  
t o  the  curve @,. 

The mirror-image dependence of t he  gradients of @1 and Q2 i s  only a numeri
ca l  depiction of t he  trough of var iable  depth i n  the  photographic range of t he  
spectrum, observed on the  curves of Fig.3. Its mini", according t o  our data,  
i s  i n  the  range Ah 4.300- LLOO k .  This raises the  question as t o  the  r e l i a b i l i 
t y  with which our r e l a t i v e  measurements ind ica te  i t s  locat ion i n  the  spectrum. 
If the  absolute energy d i s t r ibu t ion  i n  the  stellar spectrum were known, it /216 
would be easy t o  accurately def ine the  posi t ion of all possible d e t a i l s  oh t he  
Curve. In  r e l a t i v e  measurements, t h e  measured posi t ion will be displaced rela
t i v e  t o  the  true posi t ion,  depending on the  temperature of t h e  comparison star. 
It i s  not d i f f i c u l t  t o  see t h a t ,  i f  t h e  comparison star i s  a hot star ( fo r  
example, a star of c l a s s  Ao), then any trough i n  the  photographic region of the  

2L9 
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spectrum of the  investigated star, occurring on t h e  descending branch of  the /217 
Planck curve (which approximately characterizes t h e  energy d i s t r ibu t ion  i n  the 
comparison spectrum), will be sh i f ted  toward t h e  short waves on the  r e l a t ive  
spectral  curve. Conversely, i n  the  case of a low-temperature comparisor. spec
trum, the  measured value of  t he  minimum will be shif ted toward the  red portion 

1.8 

/.I 

1.0 

0.6 


A 

Fig.5 Curves of Changes i n  Absolute Spectrophotometric 
Gradients, Brightness, and Color of >: G-phiuchi 

Observations of  one night are connected by a broken l ine .  
The smooth curve indicates  the  long-period character of 

t he  chmges of the  indicated quant i t ies .  



o f  t h e  spectrum. Consequently, t h e  b e s t  comparison spectrum i n  relative spectro
photometric work i s  one f o r  which t h e  maxi" o f  t h e  Planck curve i s  loca ted  i n  
t h e  inves t iga t ed  s p e c t r a l  region. Of' course,  t h i s  d i scuss ion  o n l y  makes sense 
under t h e  assumption t h a t  t h e  emission o f  normal stars, se l ec t ed  as comparison 
stars, obeys t h e  l a w s  o f  black-body r a d i a t i o n ;  it i s  kaown t h a t  t h i s  occurs  i n  
l i m i t e d  s p e c t r a l  regions.  

A t  t h e  spectrophotometr ic  temperature  ascr ibed  t o  stars o f  t h e  e a r l y  sub
c l a s s e s  of  c l a s s  F, t h e  m a x i m u m  of  t h e  Planck curve i s  s i t u a t e d  i n  t h e  photo
graph?ic range o f  t h e  spectrum. Th i s  makes stars of  t h e s e  types  t h e  most con
ver5er.t comparison o b j e c t s  when working i n  t h e  photographic region. Th i s  ad
var,tage of  stars of  t h e  c l a s s  Fo over  t h e  t r a d i t i o n 2 1  Ao stars i s  a l s o  demon
strated by t h e  f a c t  t h a t ,  i n  t h e  former, t h e  hydrogen l i n e s  are n o t  as i n t e n s e  
so t h a t  t h e  merging of  t h e  l i n e  wings begins  a t  s h o r t e r  waves thar! f o r  Ao stars, 
for which % d i s t i n c t  depress ion  of t h e  cont inuous spectrum beg ins  t o  b e  manifest  
a t  ?. LCCG II. 

Thus, s ince  t h e  comparison star s e l e c t e d  i n  t h i s  work be longs  t o  t h e  class 
Fo, t h e  p o s i t i o n  o f  t h e  dep res s ion  in t h e  photographic po r t ion  o f  t h e  spectrum 
i s  detemLned more o r  less  co r rec t ly .  

F igure  5 shows t h e  charges  i n  t h e  g r a d i e n t s  o f  0 taken from Table 3. On 
t h e  absc i s sa ,  a v a r i a b l e  t i m e  s c a l e  i s  l a i d  o f f .  ,The observa t ions  of one n igh t  
are comected  by a broken l i n e  znd i n d i v i d u a l  n i g h t s  of observa t ion  are sepa
rated hj a cons tan t  i n t e r v a l ,  r e g a r d l e s s  o f  how much t i m e  had elapsed. O f  
course,  such a s c a l e  d i s t o r t s  t h e  exac t  s lope  o f  t h e  curve o f  long-period varia
t i o n s  b u t  cannot a f f e c t  t h e  o v e r a l l  s lope  and, furthermore,  i s  convenient f o r  
comparing ind iv idua l  c h a r a c t e r i s t i c s  as well as f o r  a graphic  p re sen ta t ion  o f  
bo th  shor t - and long-period v a r i a t i o n s  on a s i n g l e  curve. The diagram shows t h e  
mer-tioned mi r ro r  dependence also f o r  i n d i v i d u a l  v a r i a t i o n s  i n  t h e  g r a d i e n t s  C, 
ar,d P, dur ing  t h e  n igh t ,  which c o n s t i t u t e s  a con t ro l  of t h e  r e l i a b i l i t y  of  de
t e m i c i n g  short-period v a r i a t i o n s  of  t h e  grad ien t .  Judging b;. Fig.&, t h e  cb
t a ined  mean va lue  of  co inc ides  w e l l  wi th  t h e  value o f  t h e  g rad ien t  PI = 1.51, 
given by Tsoi D a i  0 (Ribl.2). 

Tne va lue  of  4 log I obta ined  by  ana lyz ing  t h e  microphotograms i s  r e l a t e d  
t o  t h e  d i f f e r e n c e  of  monochromatic s te l lar  magnitudes of  t h e  i n v e s t i g a t e d  and 
conparison s t a r  by t h e  ev ident  dependence Am = -2.5 A log I. Thus, t h e  obtained 
d a t a  permit  p l o t t i n g  t h e  monochromatic curves  o f  s te l la r  br ightness .  These 
curves show a gradual  change of  s lope  wi th  wavelength, and t h e  i n t e g r a t e d  curves 
wi th  r e s p e c t  t o , t h e  photographic  and v i s u a l  ranges s a t i s f a c t o r i l y  r e f l e c t  t h e  
genera l  contours  of  t h e  i n d i v i d u a l  curves. Therefore ,  t h e  mogochromatic b r i g h t 
n e s s  wa? g r a p h i c a l l y  i n t e g r a t e d  i n  t h e  ranges A X  3SOO - h800 A and AX h500 
- 6500 ,:.,and t h e  b r i g h t n e s s  curves for photographic  and visual rays w e r e  
p l o t t e d ,  Reduction t o  t h e  i n t e r n a t i o n a l  photometr ic  system w a s  n o t  done. I n  
add i t ion ,  t h e  va lue  of  ".I. = P J I I + , ~ ~  - h E F E . ~ ,which i s  t h e  d i f f e r e n c e  o f  t h e  
s p e c i a l  c o l o r  i n d i c e s  of y. Oph and t h e  comparison star, w a s  determined. The /220 
t h r e e  lower curves  i n  Fig.5 show t h e  changes o f  , Am,,ir , and ,AC.I. The 
numerical  values are given i n  Table 2. 

A comparison o f  t h e  six curves i n  Fig.5 l e a d s  t o  i n t e r e s t i n g  conclusions.  
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1. Both short- and long-period var ia t ions  are observed on a l l  curves. 

2. The short-period var ia t ions  occurring during the  night a r e  greater  and 
m r e  frequent f o r  t he  gradients than f o r  the  brightness. The short-period varia
t i ons  of t h e  gradients P, and @, show a mirror dependence. For photographic 
and v isua l  brightness,  t h e  c losely similar var ia t ions  do not always accurately 
match, resu l t ing  i n  f luctuat ions of t h e  color index which, on some nights,  reach 
0:2 of  t h e  stellar magnitude. No dependence was observed between short-period 
var ia t ions of brightness and gradients. 

3 .  The slope of the  long-period curves f o r  t he  var ia t ions  i n  the  gradients 
Q,and Q, does not exhib i t  t h e  mirror dependence noted f o r  t he  short-period 
variations.  The curve of P, has a dis t inct . tendency toward a decrease. During 
the time of observation, t h e  mean value of  the  gradient dropped by 0.3. The 
curves of t he  var ia t ions  i n  P, and 0, have an undulatory character. 

L. The long-period slope of  the  brightness curves a l s o  shows no s imilar i ty .  
The photographic brightness during the  observation period increases s teadi ly ,  
being e12 grea ter  a t  t h e  end than a t  t h e  start  of  t h e  observations. The curves 
of Am.ls and AC.1. again have an undulatoly slope, 

5. Whereas no r e l a t ion  between var ia t ions  of  the  same charac te r i s t ics  for 
d i f f e ren t  regions of the  spectrum i s  observed, the  var ia t ions  i n  brightness and 
i n  gradients a r e  very similar. A decrease i n  the  gradient @, i s  accompanied by 
an increase i n  photographic brightness;  the  waves on the  curves of a, and of  the  
visual  brightness coincide i n  time, w h i l e  the  curve of t h e  long-period var ia t ions 
of t he  color index i s  a mirror image of the  curve f o r  Q,, but a t  a lower anpli
tude. Such coincidence of  t h e  curve slopes can be due e i t h e r  t o  a physical in
t e r r e l a t ion  of t h e  cha rac t e r i s t i c s  o r  t o  systematic e r ro r s  during t h e i r  deter
mination. Eowever, i n  our case systematic e r ro r s  cannot cause the  observed 
correlations.  Actually, t he  only source of systematic e r ro r s  are the  character
i s t i c s  themselves, consisting i n  e i the r  an underestimation or overestimation or" 
t h e i r  slope. However, i n  t h i s  case the curves of t he  physical charac te r i s t ics ,  
re fe r r ing  t o  one spec t ra l  region, would show optimum coincidence, so t h a t  the 
correlat ion between and +, i n  the  absence of such a re la t ion  f o r  
and 6, would be absolutely unexplainable. The coincidence of  the obtained 
values of the  absolute gradients f o r  HD 1L8898 and of t h e  average f o r  x Oph w i t h  
the da ta  given by o ther  authors a l so  precludes t h e  assumption of  systematic 
errors.  However, l e t  u s  again examine t h e  dependence between An-+,, o t  and $2. 
Since both charac te r i s t ics  per ta in  approximately t o  one spec t ra l  range, t he  
systematic overestimation of t he  slope of t h e  cha rac t e r i s t i c  curves could quali
t a t i v e l y  create  a dependence of the  observed type. L e t  us make a quant i ta t ive  
evaluation. 

L e t  t he  difference of t h e  dens i t i e s  of t h e  investigated star and comparison 
star a t  a wavelength of A, - AD, be h2 - AD2, Then the  corresponding r e l a t ive  
i n t e n s i t i e s  are I 



i s t i c  curves. 

Let an e r ro r  (1, be permitted i n  the  slope of  t he  charac te r i s t ic  curves. /221
Then, the  measured values o f  t h e  r e l a t i v e  i n t e n s i t i e s  will be 

Thus, on obtaining the  r e l a t i v e  i n t e n s i t i e s  we permit the e r ro r  

It  i s  not d i f f i c u l t  t o  understand t h a t  i f ,  a s  a r e s u l t  of e r m r s  i n  y ,  one value 
of the gradient i s  replaced by another (erroneous) one, then we will have, i n  
the spec t ra l  region under consideration, 

Con sequentlIyT, 

Designating the  erroneous value of  the  gradient by ,\e' = 2.303 H, we can write:  

Solving the l a s t  eqGation by the method of l e a s t  squares, we find 

I f  we a s s m e  t h a t ,  a t  t he  start  o f  observations, the  cha rac t e r i s t i c  curves were 
properly constructed and the  proper value of t he  gradient was obtained, whereas 
l a t e r  the  e r r o r  increased systematically, having s t ipulated by the  end of the 
observation period a n  e r ro r  which gave the  value of H ' ,  we can determine the  
value of c. We thus found c = 0.70. This value corresponds t o  an e r ro r  i n  the  
contrast  f ac to r ' o f  L5%, which i s  hardly possible  spec i f ica l ly  in v i e w  of  the  
systematic increase of P y  . 

L e t  us  examine what change i n  brightness might cause such an error.  Assum
i ng  tha t ,  a t  t he  start of observations, t h e  brightness fim was  determined proper
ly ,  then on the bas i s  of our  observations we can write 



since, a t  the  start of t h e  gbservation period, t h e  average brightness of t h e  
star i n  t h e  Ah 4500 - 5200 A range ( the in tegra t ion  limits correspond t o  the  
spec t ra l  range in which t h e  gradient Q2 was determined) w a s  equal t o  0 2 5 .  

A t  t he  end of t he  observation period, we obtained an erroneous value which, 
based on the  above statements, can be presented as 

A9 

The in t eg ra l  (10) i s  expanded i n  a series 

After subs t i tu t ing  t h e  numerical values, we obtain Am' = O ? l l ,  i .e.,  the  e r ro r s  
i n  p lo t t i ng  t h e  charac te r i s t ic  curves might cause a f i c t i t i o u s  change ir,bright
ness during the  observations, not exceeding E O L .  The observed change of  bright
ness i s  three times greater.  Thus, the  assumption of systematic e r ro r s  does not 
explain the  quant i ta t ive  dependence between and t h e  gradient Q2. 

Thus, re jec t ing  t h e  assumption of systematic errors ,  we are forced t o  ac
knowledge physical i n t e r r e l a t ions  between the  said character is t ics .  

Thus, a change i n  photographic brightness i s  associated with a functional 
re la t ion  with a change of Q2 = cp(6Q2 ). 

On the  b a s i s  of t h e  above, there  a r e  two other  dependencies per ta ining t o  
long-period var ia t ions  6 C q f  = r l r (G@,  ) and 6hC.I.  = w(dQ, ). Then, on the bas i s  
of determining the  color index we can write" 

5 : ;::),>) . (111- (J ( ? ( I > , )  zz (I) 

Thus, t he  var ia t ions  i n  the  three values of t he  gradient of  x Oph a re  as
sociated with a functional dependence of t h e  type of eq . ( l l ) ,  whose ana ly t ic  
expression can be obtained from an analysis  of t he  curves of brightness and 
gradients. For such work, t h e  data  of many years Wj_Ube needed. If t h e  de
pendence (11)i s  not sporadic, which fu ture  observations would show, then i t s  
ana ly t ic  expression will be an important c r i t e r ion  f o r  t h e  au thent ic i ty  of  pro
jected models of t h e  s te l lar  atmosphere, 

4. Certain Character is t ics  of  t he  Ehission Spectrum of x Ophiuckd 

Provided t h a t  t h e  invest igat ions of the  continuous spectrum i n  the  above 

+: The curve f o r  the  color  index given i n  Table L and the  color index determined 
- & i s  have the  same long-period variation.by the  dependence AC.1. = hhot 
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sense do not l o se  i n  accuracy because of low dispersion and are performed more 
r e l i ab ly  with prism instruments than with s l i t  types, the s i tua t ion  w i l l  be 
worse when dealing with a l i n e  spectrum. Atmospheric turbulence and guiding de
f e c t s  w i l l  d i s t o r t  the l i n e  p ro f i l e ,  ac tua l ly  determining i t s  width. However, 
these fac tors  should have the  same e f f ec t  on a l l  l ines .  Thus, i f  a comparison 
of various spectrograms shows t h a t ,  a t  constant width or sharpness of a given 
l i n e ,  another l i n e  changes or disappears, t h e  above assumptions must be con
sidered facts .  I n  other  respects,  o n l y  s t a t i s t i c a l  invest igat ions a re  possible. 
?Jevertheless, t h e  eqcivalent l i n e  widths,determined from the  prism spectra,  a re  
obtained with su f f i c i en t  r e l i a b i l i t y .  This w a s  proved by Shapley and Payne /223
i n  1922 (Eibl.63) and i s  confirmed by our comparisons of t he  equivalent widths, 
determined from simultaneous s l i t  and prism spectra which coincided within the  
limits of  the  observation errors.  A small dispersion, according t o  L.V.Mirzoyan 
(Bibl.9) a l so  introduces no subs tan t ia l  d i s to r t ions  in to  the  determinable values 
or" the  equivalent widths. 

The determination of the  equivalent widths, as usual, was carr ied out i n  
two stages: 'vJe p lo t ted  the  p r o f i l e s  of a l l  hydrogen l i n e s  i n  res idual  intensi
t i e s  q = Ix/Iln, where 11 i s  t h e  i n t ens i ty  a t  a given point of t he  l i n e  and I x 0  
a t  t he  corresponding wavelength of the  continuous spectrum; we then determined 
the area of t h i s  p ro f i l e ,  expressed as the  width of an equal-area port ion of  the 
continuous spectrum. 

The p r o f i l e s  of  the  l i nes ,  as was found during the  work, vary greatly.  
Along w i t h  t he  usual s t ruc ture  of Be emission, t he  s t ruc ture  of P Cygni bounded 

Fig. 6 

by t h e  red R and v i o l e t  V absorption components was  repeatedly observed, especi
a l l y  i n  the  Hy l i n e s  which do not always appear simultaneously i n  a l l  l ines .  A 
change i n  the width of t he  wings of t he  absorption l i n e  w a s  noted. A l l  t h i s  
does not permit u s  t o  correct  t h e  p r o f i l e  of t he  absorption l i n e  f o r  d i s to r t ion  
by emission or t o  determine the  t r u e  value of the  equivalent width. We deter
mined the  area of  t h a t  portion of t he  l i ne  which i s  above t h e  mean l e v e l  of the  
absorption components (Fig.6). This method i s  no less  erroneous than the  con
ventional method of "constructing" t h e  absorption i i n e  f o r  known variable  pro
f i l e s ,  and it i s  convenient since it precludes the  e f f e c t  of e r ro r s  i n  drawing 
the  continuous spectrum to the  s i z e  of t h e  equivalent width. I n  addi t ion t o  the 
equivalent widths, fop s t a t i s t i c a l  purposes we determined the  quan t i t i e s  E - A 
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TABLE 3 

- - - H' 

S W E-A S W E-b 5 

-
7 -8 9 IO -1 1  -12 13 . 

962.3285 
4097 

5.3 
5.5 

5.# 9 .o 2.c 
8.5 2.c 

0.27 
30 

6.0 
7.4 

0.8 0.16 5.2 0.8 0. IS 5,O 
963.3368 

3660 
3750 

964.3354 
3660 

5.3 
5.0 
5.4 
6.3 
6 .a 

6.1 

8.3 I . E  
8.3 I .4 
9.9 I .E 
8.7 1 .E 
8.0 

28 
26 
24 
26 

6.8 
4.5 
5.8 
5.2 

0.6 0.14 4.6 

3938 4.c 8 . 5  
4257 4 .c 8.5 I .I 26 6.0 1.1 0.23 5.0 

980.28 I 3 7.8 5.0 1 . E  28 5.2 0.6 0. I6 3.7 
2083 6.7 10.6 1 .c 20 5.2 0.4 0.11 4 . 1  
336 I G. I 5.9 'I.1 43 5.4 0.9 0.Z2 3.3 
3604 4 .E 12.0 2.c 27 6.6

982,2682 4.7 9.0 I . 4  34 4.2 0 .R 0.34 2.3 
2882 4.1 7.2 I . c  27 6.6 
3160 6 .(I 10.8 I .s 36 4.2 0.6 0.15 4.8 
3336 5. t 9.7 I .9 41 4.9 
3611 7.4 6.: Y.Cl I .9 30 5.6 

986.2Y72 10.6 8.0 1 .c 22 4.9 0 .5  0. I4 3.5 0.5 0.13 3.5
3 lY4 4.4 7.6 11.7 28 4 -2 

3528 3.1 8.6 0.9 13 7.7 0.4 0. IO 4.8 

3750 5.2 I 1  . ( I  I),7 I B  4.9 

995.2116 5.7 10,8 0.9 14 8.4  0.5 o . i i  5.2 0.6 0.12 5 , 5
2454 6 . 2  10.2 I .5 20 7.4
2683 5 .2 
2917 4 . 4  

9,  I 2 . 3  32 7.4 0.5 0.22 2.0 
0.3 0.12 3.29.5 1.5  26 6 .0 

3104 4.5 10.0 1 . 7  27 6.2 0.3 0. IO 2.8 0.7 0.18 3.O
3313 5 . U  9.6 I .3 0.24 5.8 
3528 ti.5 6.1 11.2 1 .o 26 3.8 
3729 4.1 12.0 D.9 18 5.6

996.2035 5.f: 10.3 I .0 18 5.4 0.8 0.18 3.2 
2333 4.3 1J.4 1.4 22 7.0 0.6 G. 13 5.9 
2570 4.5 7.5 I .o 2fi 2.8 

2785 4 . 2  0.4 1.6 23 7.4

29tG 4 . 2  12.2 

31Y4 4.G ! 1 .'L D.6 ? 4.9 

3'389 3.8 11.8 1.8 28 5.6


2436. . . 
005.1917 4.6 10.0 

2167 2.8 6.0 3.7 19 2.4
2375 2.9 9 .0  I .6 27 4.8 1.1 0.24 5.5 

006.19i9 4 .O 6.9 1.4 15 6.3 0.3 0.09 3.5 
2188 4 4  8.8 1.9 20 4.2 0.2 0.08 3.5 
2417 4.2 13.2 
2604 3.6 9 .0

007 .'2 222 4.6 7.6 1.0 16 a .4
2431 4.8 5.3 J.8 19 4.9 0.4 Q.13 4.02722 3.6 5.0

008.1 K47 4 .0 9.2 1.7 14 6.4 0.3 0.10 4.0 
204 2 4.0 10.0 
2250 3.8 8 .Y I .2 I8 6.6 0.3 D. I4 2.1 0.5 0.15 3.5 
2451 3.6 9.0 1.9 13 6.3 0,3 3.14 3.0 0.3 0.12 2.62674 4,o 9.6 1.8 14 6.6m.I875 7.8 7.9
2083 	 7.4 6.7 I .5 22 8 .O 

52~8 4.9 11.0 
2521 4.0 9.0 
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TABLE 3 (contfd) 
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1 2 10 11 12 13 
-
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009.2729 3.6 10.2 
2924 3.3 1o.c 1 .( 0.1E 6.(2436.. . 

015.1764 3.6 8.C 1 .I I �  8 . d2007 4.4 9 -c 2,: 2: 10.1018 1806 5.9 8.4 1 .: 27 4.: 0.8 0.16 5.52014 5.3 9.:
2292 4.4 5.; 1. I  2E 7.t 1.3 0.32 4.7 

1 .O 0.20 4.0 

2500 5.2 9.: 1 .: 24 6.t 1.1 0,22 6 .O
2708 4.8 1O.i 1 . I  24 9 .(
019.2146 5.4 8.: 1 ,: 2c 7.( 1.1 0.30 3.0 0.7 0.15 4.52340 6.2 8.f l . !  2E 7.' 8.9 0.18 5.3 0.6 0.21 2.0
2542 6.1 9.; 2. ' 3; 6.(
2750 6.2 12.: 1 .: 18 8.1 

0.2 0.08 4.0 

021 .I910 4.7 8.1 0.5 0.16 2 . 1  0.3 0.10 4.32139 3.0 8.( 1 .! 1� 7 .234C 3.4 12.: 

25% 4 .3  10.: 1 .: 2: 5.( 0.5 0.12 4.727N 2.4 7 .(
2944 1 .4  10.:

022.173� 3.9 10.: 1.\ 21 4.:193E 4.0 8..  1,! l i  8. 0.4 0.14 2 -5216C 4.8 9.: 0.4 0.12 3.22347 4.3 9.( 1. (  21 9.2542 6.1 8 . ;  1 . i  3c 5.;2743 4.8 8.7
024.1757 3.6 9.(

1993 4.0 7.5
2215 2.4 9.t
2,jfil 2.8 8 . t
2625 3.5 10.8
2785 4.9 14.c

040,1556 3.3 13.5
043.161 1 3.0 9.5 I .4  0.16 7 .(1868 4.2 10.0 I .1 16 7 . i2097 3.6 11.5

2312 3.9 10.0
044.1590 3.0 7.8

1833 3.3 9.6
2062 3.1 8.0
2292 4.8 2.7 0.6 0.10 7.52507 4.2 1 .o

346.1576 4.2 9.8 .o 14 7 .u 0 .6  0.15 5.21806 3.7 1 .o .6 20 9.1 0.4 0.18 1.71889 5.8 8.820 14 7.2 5.3 I. 1 28 6.12229 5.2 1 .g 0.7 0.12 8.0049.1646 5.2 0.3 . 2  16 7.91847' 1.1 2.0 .2 16 IC.52104 4.4 1.7 .9 33 5.4 0.6 0.15 3.6,2278 4.0 0.0 .8 37 3.52472 5.8 1.8.os.  1528 3.6 2.7
1771 l.7 8.9
1917 1 1.5 4.8
21 18 5.0 9.4 2.0 26 7.72222 B.8 1.4 1.8 32 5.2 

4.4 1.6 1.22 7.7 
0.0 1.6 25 5.6 

259 

I111 



( in t ens i ty  of cent ra l  emission above the  mean l e v e l  of the  absorption conpon
en t s )  and the  half-width of emission l i n e s  s, t h e  smallest r e l i ab ly  determinable 
value. Figure 6 shows the  p ro f i l e  of t he  H l i n e  obtained from negative x5, i n  
which a l l  determinable values a re  entered. The results of  thedeterminations a re  
shown i n  Table 3. The second column gives t h e  equivalent width of  HE, deter
mined from prism observations; t h e  t h i rd  column shows the  same based on s l i t  
spectrograms; t he  fourth column contains the  half-width of HP i n  angstrom. The 
Table a lso gives t h e  equivalent width of t h e  emission component, the  values of 
E - A, and the  value of s f o r  the  l i n e s  of Hy, H6, and He. A s  indicated,  notice
able  changes occur only i n  the  equivalent widths of the  l i n e  H F ,  whereas f o r  Hv, 
H6,  He the  changes a re  very small. This i s  i n  agreement with the  conclusions by 
Curtiss (Bibl.28) who considers t h a t  the  l i n e  var ia t ions  increase w i t h  decreas
ing l i n e  nuniber. T h i s  dependence i s  cha rac t e r i s t i c  f o r  a l l  l i nes :  The narrower 
the emission l i n e ,  t he  grea te r  i s  i t s  in tens i ty ,  which i s  especially noticeable 
on l i n e s  of high numbers. The marked increase i n  E - A always i s  accompanied by 
a d i s t i n c t  narrowing of the  emission component. W e  p lot ted E - A as a function 
of S. The posi t ion of the points  i n  the  diagram indica tes  t h a t  the  values o f  
E - A predominate and frequently are associated w i t h  corresponding half-
width values. The curve of t he  frequency of deviations from the  mean value of 
E - A,  plot ted f o r  t he  H l i n e ,  had the slope of two superposed Gaussian curves. 
The maxima of these curves correspond t o  E - A = 0.26 a d  E - A = 5.16 on our 
in tens i ty  scale. These values correspond t o  half-widths of 5 - 5 J and 7 - e i.. 
It is  impossible t o  ascr ibe an absolute value t o  the  l a t t e r  owing t o  observa
t iona l  e r rors ;  f o r  this reason, they are given only for i l l u s t r a t i o n  o f  the 
s t a t i s t i c a l  dependence. Thus, t he  E - A tends t o  assume one of two d iscre te  
values, with the deviation from these values caused p a r t i a l l y  by observational 
e r rors  and p a r t i a l l y  by random f luctuat ions charac te r i s t ic  f o r  any physical pro
cess. For the  l i n e s  H6 and Hc, the  material  w a s  i n su f f i c i en t  fo r  a s t a t i s t i c a l  
investigation, but  avai lable  data  indicate  t h a t  t h e i r  E - A i s  close t o  0.12, 
f luctuat ing only about t h i s  value. Thus, we gain the  impression t h a t  E - A i s  
one o f  t he  most constant charac te r i s t ics  of t he  spectrum of x a h .  However, on 
the prof i les ,  and even on t h e  negatives, we note an extensive change i n  in tens i ty  
of the portion of the  l i n e  ly ing  above the  continuous spectrum. Comparing t h i s  
w i t h  the  constancy of  t he  emission l eve l  of E - A, it can be concluded tha t  the  
change i n  l i n e  in t ens i ty  above the  l e v e l  of t he  continuous spectrum i s  due t o  
the f a c t  t h a t  the  l i n e  i s  swamped more or less i n  t h e  continuous spectrum. 

The equivalent widths shown i n  Table 3 were used f o r  determining the Balmer 
decrement. For t h i s  purpose, they were reduced t o  the  in t ens i ty  of the  continu
ous spectrum of H6 by multiplying the equivalent widths by the r a t i o  of the  
measured i n t e n s i t i e s  of the continuous spectrum f o r  the investigated l i n e  and 
HE. Table 4 shows the  Balmer decrement determined i n  t h i s  manner, with the  
equivalent widths of HR taken as unity. 

The obtained Balmer decrement var ies  greatly.  Nevertheless, it i s  of in
t e r e s t  t o  compare this with t h e  data  o f  other  authors, For x Oph there  i s  only 
one determination of the  decrement, made by Cannon on t h e  bas i s  of v i sua l  e s t i 
mates of t he  l i n e  in t ens i t i e s :  H9 :Hy:H6 :He = 1.00:0.29:0.1L:0.1L (Bibl.L2). 

Rojasa and Herman, i n  determining the  decrements f o r  Be stars, found an ex
tensive var ia t ion  from star t o  star. In t h e i r  l ist ,  the  decrements f o r  ear ly  
B e  stars vary within the  limits from H@:Hy:H6:Hc = 1.00:0.35:0.15:0.05 t o  
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962,3285

4097 


963.3368 

3660 

3750 


964.3354 

4257 


980.2813 

3083 

3361 

3604 


982.2639 

2882 

3160 

3396 

361 1 


986.2972 

3194 

3528 

3750 


995.2118 

2458 

‘2688 
2917 

3104
~~~ 

3313 

3528 

3729 


996.2035 

2333 

2570 

2785 

31 94 

3389 


2436 . 

005.2 I i 7  


2075 

006.1979 


2188 

007.2222 


2431 

008.1847 


2550 

2451 

2674 


009,2083

2924 


015.i764 

2007 


018.1806 

2ni4 

2292 

2500 

2708 


019.2146 

2340 

2,542

2750 


021. igio

2139 

2590 


2 3 

1 .00 0.29 
1.co 0.32 
1.oo 0.25 
I .oo 0.22 
1-00 0.23 
1.oo 0.21 
1 .oo 0.29 
I .ao 0.21 
1 .oo 0.15 
1.oo 0.26 
I .oo 0,29 
1.00 0.27 
1 .oo 0.33 
1.00 0.32 
I .oo 0.33 
1 .oo 0.23 
1 .oo 0.11 
1 .oo 0.16 
1 .oo 0.20 
1.oo 0.10 
1 .oo 0.1 1 
1 .OO 0.18 
1 .OO 0.32 
I .oo 0.23 
1 .oo 0.27 
1.oo 0.17 
1 .oo 0.10 
I .(IO 0.15 
1 .oo 0.12 
1 .oo 0.22 
L.00 0.14 
1 .oo 0.27 
1 .Or) 0 .  I1 
1 .oo 0.41 

1 .oo 0.22 
1 .oo 0.33 
1 .uo 0.10 
1 .eo 0.23 
1.oo 0.30 
1 .oo 0.15 
1 .oo 0.14 
1 .oo 0.26 
1 .oo 0.22 
1 .oo 0.16 
I .oo 0.18 
1 .oo 0.24 
1 .oo 0.22 
1 .oo 0.40 
1 .oo 0 .  I 8  
1.00 
1 .oo 0.35 
1 .oo 0.21 
1.00 0.29 
1.oo 0.21 
1 .oo 0.26 
1 .oo 0.31 
1.00 0.19 
1 .oo 
1.oo 0.26 
1.oo 0.19 

H h  I H E  

4 I T 

0.11 0.08 

0.05 

0.18 
0.08 
0.06 
0.10 

0. I7 

0.12 

0.06 0.05 

0.08 

0.06 0.05 

0.06 
0.04 

0.04 0.08 

0. la 
0.09 

0.22 
0.06 
0.04 

0.06 
0. (16

0.06 0.09 

0.06 0.04 

0.10 
0.13 

0.24 
0.17 

0.15 0.08 
0.12 0.07 

0.02 

0.07 0.05 

0.10 

261 




TABLE L (contcd) 

1 l 3 
19 $8 1-00 0.20 
2160 1 .oo 
2347 1 .oo 0.24 
2542 1 .oo 0.23 

043.1 611 1 .oo 0 -38 
1868 1 .oo 0.22 

044.2063 1.Od 
046.1576 1 .oo 0.16 

1806 1 .oo 0.29 
2014 1 .oo 0.24 

049.1616 1.oo 0.22 
1847 1 .OD 0.27 
2104 1 .oo 0.38 
2278 1.00 0.30 

053.2118 1 .oo 0.34 
2222 
2340 

1 .oo 
1 .Oo 

0.42 
0.31 

2470 1 .oo 0.27 

022.1736 1 .oi) 0.16 

H8:Hy:H&:Hc = 1.00:0.67:0.53:0.22 (Bibl.6h). 

Our data  a r e  ra ther  close t o  these values, 
decrement HB:��y i n  our  case i s  usual ly  greater,  

I s 
0.08 
0.07 

0.14 
0.10 
0.07 

0.13 

0.08 

although the  curvature of the  
We should note t h a t  t he  above-

described method of determining t h e  equivalent widths can only reduce the  curva
t u r e  of  the  decrement. The following i s  a l so  in te res t ing .  I f ,  on the  bas i s  of 
the data  i n  Table 4 ,  we def ine the  average value of t he  decrement, it will be 
found t h a t  HB:Hy:HG:He = l0OO:O.24:O.lO:O.O7. Adding here the  average value o f  
H Y : ~ ,  which i s  obtained from the  sl i t  spectrograms but  i s  ra ther  uncertain 
since the  l i n e  I-b i s  a t  the  spec t ra l  s ens i t i v i ty  l i m i t  of the  p l a t e ,  we f ind 
&:HI3 :Hy:H6 :He = 5.66:1.00:0.2l+:0.10:0.27, which i s  very close t o  the  theore t ica l  
value of t he  decrement obtained by V.V.Sobolev on the  bas i s  of  the  theory o f  
moving she l l s  f o r  an electron temperature of t h e  s h e l l  of T, = 20,006C and a 
parameter x = 1.0 (Bibl.10). Unfortunately, t he  s h e l l  theory cannot explain many 
charac te r i s t ics  of a star, so t h a t  we cannot use t h i s  coincidence f o r  a physical 
interpretat ion.  

Figure 7 shows the  curves of t h e  long-period var ia t ion  of the  equivalent 
V + R

widths 1’4,BE - t h e  depth of t he  absorption components ‘2 f o r  t he  Hy 

l i n e  measured from the  p ro f i l e s  of the  Balmer decrement Hy/HR, and the  pho5o
graphic and monochromatic brightness f o r  wavelengths o f  A 41c00 and h 4900 A. 
The points  were obtained as a r e s u l t  of  averaging t h e  data  of one night. The 
long-period var ia t ion  of t he  curve E - 4~ i s  a mirror image of the  curve W H ~ .  
O f  considerable i n t e r e s t  i s  a comparison of  t he  l a s t  f i v e  curves. 

The above-mentioned swamping of t he  l i n e s  by t h e  continuous spectrum seemed 
t o  indicate  t h a t  this is  caused by a change i n  l e v e l  of t h e  continuous spectrum, 
Le., a var ia t ion  i n  brightness. However, in such a case t h e  change i n  bright
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ness  should be accompanied by a change i n  depth of t h e  absorption l ines .  A com
parison of t h e  short-period var ia t ion  of brightness and depth of  t he  absorption 
components ac tua l ly  showed such a tendency. T h i s  w a s  manifested i n  the  short-
period var ia t ion of  t he  curves i n  Fig.7. The curve of  t h e  Balmer decrement a lso 

70 t 

[ - A  
"T 

Fig. 7 

showed a systematic increase during the  period of observation. This i s  not d i f 
f i c u l t  t o  understand. Actually, the  equivalent width of  He was  determined f o r  
the  l i n e  segment ly ing  above the  continuous spectrum. Here, �iv i s  independent 
of the  l e v e l  of t h e  continuous spectrum. However, ne i ther  HB nor FTy show a 
systematic decrease o r  increase of equivalent widths during t h e  observation. 
This means t h a t  we are here deal ing with the  r e l a t i v e  energy d i s t r ibu t ion  i n  the  
continuous spectrum of t h e  star. It i s  known t h a t  t h e  photographic br ightness  
increases, but  t h a t  HF i s  on the  very edge of t h e  photographic range. Therefore, 
if t h i s  increase in the  region of Hy i s  greater  than i n  t h a t  of HR, then on re
ducing the  equivalent width of Hy t o  t h e  continuous spectrum fo r  HE 
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t he  value of becomes g rea t e r  and t h e  decrement increases.  The curves of t h e  
monochromatic br ightness  in Fig.? a c t u a l l y  show t h e  expected difference.  

It should be mentioned t h a t  t h e  average i n t e n s i t y  of t h e  HF: l i n e  above /229 
t he  l e v e l  of t h e  continuous spectrum during t h e  observation period decreased 
somewhat. 'Quant i ta t ive ly ,  t h i s  drop i s  s a t i s f a c t o r i l y  explained by a r i s e  i n  
the  l e v e l  o f  t h e  continuous spectrum i n  t h e  region of t h e  l i n e  by about 0."l o f  
s te l la r -magni tude  and by l t f i l l i n g  up" of t h e  wings of t h e  emission l i n e .  Simul
taneously w i t h  t h i s ,  a ce r t a in  broadening of t h e  HR l i n e  was observed, which i s  
d i f f i c u l t  t o  explain. 

Thus, from an ana lys i s  of t h e  emission spectrum of y- Oph we es tab l i shed ,  by 
a completely independent method, a systematic increase  of br ightness  i n  t he  
photographic range of  t h e  spectrum, as  it w a s  found i n  t h e  preceding Section. 
T h i s  serves as a cont ro l  f o r  t h e  r e l i a k i l i t y  of  t h e  above data. 

On examining t h e  p r o f i l e s ,  we note s t i l l  another i n t e r e s t i n g  f ac t .  I n  ?our 
cases, a second emission component, sh i f t ed  towpd t h e  short-wave end, was mani
fes ted  for Hv. The s h i f t  varied from 21 t o  13 A. 

Only i n  one case, on June 5 - 6, w a s  t h e  v i o l e t  component of emission for 
E$ observed toge ther  with t b e  second compongnt H v .  Their s h i f t  r e l a t i v e  t o  /23G 
t he  normal pos i t i on  w a s  23 A for HR and 18 3 f o r  Hy, whereas t h e  i n t e n s i t i e s  
were respec t ive ly  C.3 and 0.5 o f  t h e  i n t e n s i t y  of  t h e  normal component. The 
s h i f t s  a r e  approximately proportional t o  t h e  wavelengths, which support t he  as
sumption of a Doppler na ture  o f  t h e  phenomenon. 

I n  t h i s  case t h e  pos i t i on  of t h e  sh i f t ed  components i n d i c a t e s  t h e  approach 
of gaseous masses toward t h e  ear th ,  with t h e  components t r ave l ing  a t  a ve loc i ty  
o f  t he  order of 1000 lan/sec. 

The most i n t e r e s t i n g  finding w a s  t h a t ,  during t h i s  n ight  f o r  2$ h r s  before 
appearance of t h e  described components, a pronounced weakening of s te l lar  br ight 
ness i n  a l l  rays  of t h e  spectrum began and extended t o  0%. This phenomenon 
l a s t e d  about two hours; by t h e  time t h e  sh i f t ed  emission components were noted, 
t h e  br ightness  had again reached i t s  normal value. I f  t h i s  i s  in te rpre ted  from 
the  most l o g i c a l  assumption of an e j ec t ion  of gaseous masses, it might be pos
s i b l e  t o  make a rough estimate as t o  t h e  r ad ius  of t h e  emission zone of t h e  star. 

The e jec ted  cloud w a s  opaque and, on screening some por t ion  o f  t h e  star, 
weakened i n  brightness.  B y  t h e  time t h e  cloud reached t h e  emission zone, i t  had 
expanded and become t ransparent  i n  the  v i s i b l e  por t ion  of  t h e  spectrum. The 
f a c t  t h a t  t he  emission components d id  not appear immediately on weakening of t h e  
br ightness  bu t  somewhat l a t e r  would i n d i c a t e  t h a t  t h e  emission zone i s  a t  a 
c e r t a i n  d is tance  from t h e  star. Taking t h e  start of br ightness  a t tenuat ion  as 
the  i n s t a n t  of e j ec t ion  and the  rad ius  o f  t h e  star as equal t o  5 s o l a r  r a d i i  and 
considering the  ve loc i ty  of motion of t h e  cloud t o  be constant, we f ind  

R e - 2 R * ,  
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where H e  i s  the  a l t i t u d e  or" t h e  average l e v e l  of t h e  emission zone i n  the  atmos
phere of x Oph. This value exceeds by a f a c t o r  of  3 t h a t  given by A.A.Doyarchuk 
f o r  t h e  average a l t i t u d e  of emission zones i n  Be stars (Ribl.11) and corresponds 
t o  t 5 e  value given by E. and G.Burbidge f o r  t h e  emission zone of x Oph (Bib1.65). 
iievertheless, i t  must be remembered t h a t  our estimate i s  very rough. 

I n  conclusion, we note t h a t  during a l l  observations the  v i o l e t  absorption 
compor.ent w a s  usua l ly  more i n t e n s e  than t h e  red and only i n  ind iv idua l  cases d id  
we observe V/R < 1, 

5. Discussion of Xesults 

F i r s t ,  we will attempt t o  g ive  a physical i n t e r p r e t a t i o n  o f  t h e  noted phe
nomenon and w i l l  compare t h e  main r e g u l a r i t i e s  discussed i n  t h e  preceding Sec
t ion s . 

1. A systematic increase  i n  br ightness  i n  t h e  photographic region of t h e  
spectrum occurs silnultaneously with an increase  i n  t h e  spectrophotometric tem
pera ture  T,. T h i s  i s  accompanied by deepening of t h e  absorption l i n e s  but does 
riot change t h e  emission l i n e s .  

2. A comparison of t h e  curve of  t h e  v i o l e t  gradient @, with t h e  curve of 
t he  equivalent widths of  i%, i nd ica t e s  s a t i s f a c t o r y  agreement i n  t h e  character 
of  t h e i r  var ia t ions .  

3. The short-period v a r i a t i o n s  of t h e  grad ien ts  h, and 0, show a mirror-
image dependence, whereas t h e  long-period v a r i a t i o n s  have a d i f f e r e n t  character. 

1'. Changes i n  m v l ,  and Ca, occur simultaneously so t h a t ,  on increas ing  t h e  
temperature T,, t h e  v i sua l  b r igh tness  of t he  star decreases, 

5. The short-period v a r i a t i o n s  of br ightness  and temperature a r e  not /231
related.  

6. There i s  a functional dependence between v a r i a t i o n s  of  t h e  th ree  values 
of  t h e  gradient. 

7. Powerful processes, causing t h e  e j ec t ion  of  matter a t  v e l o c i t i e s  of  t he  
order of  1000 km/sec, occur i n  t h e  star. 

8.  A t  a d i s t ance  of t h e  order  of  2 R+:- from t h e  surface of  t h e  photosphere 
there  i s  an e f f e c t i v e  emission zone i n  t h e  star envelope. 

9. The i n t e n s i t y  of t h e  emission l i n e s  above t h e  average l e v e l  of t h e  ab
sorption components tends t o  keep a constant value. 

The most important of t h e  above r e g u l a r i t i e s ,  for our viewpoint, i s  t h e  
first. This phenomenon i s  most d i s t i n c t l y  expressed and i s  indica ted  by many 
cha rac t e r i s t i c s .  It can be phys ica l ly  in t e rp re t ed  i f  we assume t h a t ,  during t h e  
observation, t h e  l i b e r a t i o n  of add i t iona l  energy under t h e  photosphere of t h e  
star i s  sys temat ica l ly  enhanced. That t h i s  l i b e r a t i o n  OCCUTS below t h e  reversing 
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l aye r  i s  c l ea r  from the  deepening of t he  absorption l ines .  To prove t h a t  it 
also occurs below the  photosphere a. simple calculat ion i s  suff ic ient :  It i s  
known t h a t  thick s h e l l s ,  an extended photosphere, etc. g rea t ly  d i s t o r t  the  
spectral  d i s t r ibu t ion  i n  s te l lar  emission, reducing i t s  s imi la r i ty  with black
body radiation. If, i n  the s te l lar  atmosphere, t he  opt ica l  thickness T f o r  f re
quencies of  the  continuous spectrum does not vary gradually but  i n  marked dis
cont inui t ies ,  changing from 7 < 1t o  a value T % 1a t  a nYLnor var ia t ion  i n  radi
us, the  deviation of  s t e l l a r  radiat ion from black-body radiat ion would play a 
ro l e  only i n  the  region of t he  l imi t ing  frequencies of the  spec t ra l  se r ies ,  such 
as takes  place i n  normal atmospheres. Thus, we can consider t h a t  t he  %lacktr 
portion of s te l lar  radiat ion i s  created by t h e  photosphere l aye r s  w i t h  T > 1, 
whereas the  atmosphere and the  processes occurring i n  it cause diverse devia
tions.  L e t  u s  examine whether the  r e l a t ion  between the  var ia t ions  of the aradi
ent m2 and brightness (whose character cannot be explained by the  s h e l l )  obveys 
the l a w s  of black-body radiation. We w i l l  wri te  t he  well-known formula, derived 
for b la  ck-body radiation, 

36700Mphof= - 0.72 - 51% R + 7+ X ,  

where M i s  the  absolute s t e l l a r  magnitude, R i s  the  radius,  and T i s  the  tempera
tu re  of  t he  star. This formula indicates  t h a t  an increase i n  temperature i s  ac
companied by an increase i n  luminosity of t he  star. It i s  evident t ha t ,  for  
t h i s  star, 

A M = L \ m .  

Therefore, from eq.(12) it follows t h a t  ml - in2 = 36,760 - 36,700 
T l  T2 

where the  subscripts denote two times of  observation. I f ,  f o r  the times 1 and 
2, we take the  start and end of t h e  observation eriod then, having determined 
from the var ia t ion  curve o f  Q2 the  values o f  (q2Tl  ( e ,  j2 and t h e  corresponding 
temperatures, w e  can determine the degree of brightness var ia t ion  of the  s t a r  
under the  assumption t h a t  the  var ia t ions i n  brightness and temperature obey the  
l a w s  o f  black-body radiation. A t  the  observed increase i n  temperature (T2)p  
- (T, )1 = SOC?C, a change i n  brightness of Am = CEC6 would occur, Actually, a 
value of r\m = O".O - E 1 2  was observed. 

The good agreement of the  results denonstrates t h a t  the  photographic change 
i n  brightness had a thermal character and t h a t ,  consequently, the  l ibera t ion  o f  
addi t ional  energy occurred under the  photosphere. 

The photosphere converts radiat ion of any nature in to  thermal radiation, 
whose temperature corresponds t o  the  temperature of  the  photosphere. Table 3 /232 
ind ica tes  t h a t  the  value of T, var ies  within limits of  5000 t o  SOCC?C. Hence, 
we can conclude t h a t  x Oph does not have a photosphere o f  c l a s s  B a s  would be 
expected of c lasses  G - F. I f  we eliminate speculation from t h i s ,  it i s  d i f f i 
cu l t  t o  explain why the  low-temperature radiat ion ra ther  than the  hot ( v i o l e t )  
radiat ion exhibi ts  t he  %lack-bodytt nature. 

c

The rise i n  t h e  spec t ra l  curve of x Oph starts from X ILLGO A toward the 
short-wave end. Beginning with t h i s  wavelength, the  main ro l e  i n  t h e  spectral  

266 



curve i s  no longer played by low-temperature radiat ion but  by an extremely vari
able radiat ion whose gradient ind ica tes  temperatures varying from 8000 degrees 
t o  in f in i ty .  The changes i n  the gradient a1 show no re la t ion  with the  photo
graphic brightness,  whereas the  re la t ion  with the v isua l  brightness has  an in
verse ser,se, i.e., w i t h  an increase i n  temperature t h e  brightness decreases. It 
was pointed out above t h a t  t he  gradient of $l i s  similar i n  i t s  changes t o  the 
curve of the  u l t r av io l e t  excess. A l l  t h i s ,  i n  combination with the  encountered 
values T = =, ind ica tes  t he  nonthermal nature of  this radiation. Nonthermal 
radiatior.,  whose in t ens i ty  apparently increases great ly  i n  the  u l t r av io l e t ,  may 
create  conditions of  ionizat ion and exci ta t ion in the  stellar atmosphere, corre
sponding t o  i ts  c lass i f ica t ion .  Below, we w i l l  d iscuss  t h e  problem of the  in
tense u l t r av io l e t  i n  t h e  spectrum of the  intermediate star. Here, we will note 
tha t  our assumption explains the  above spec5ral dependence of t he  gradients (3, 
and 9,. Somewnere i n  the  region of X L300 k there  are two- types of radiat ion 
of a d i f f e ren t  spectral  d i s t r ibu t ion  and d i f f e ren t  physical nature. If, a t  some 
ins tan t ,  there  i s  an  increase i n  temperature T2 (decrease i n  Q a ) ,  then the  m a x i 
mum of the  Planck curve i s  sh i f ted  towad t h e  short-wave end. I f  the  spectral  
d i s t r ibu t ion  c f  the  nonthermal radiat ion remains constant, then the  addition of 
eRergy leads  t o  a f la t ten ing  of  the slope of the spectral  curve i n  the  v i o l e t  
portion o f  the spectrum, i .e . ,  t o  an apparent drop i n  temperature T1 ( increase 
i n  El). The same may take place on any change i n  the  in t ens i ty  of  the non
thermal radiatior. a t  constant thermal radiation. If both types o f  radiat ion 
chacge d i s s i x i l a r l y  b u t  i n  t he  same d i rec t ion ,  the mirror dependence may become 
weal: or disappear a l together ,  as was ac tua l ly  observed (see Fig.3). 

The spectral  d i s t r ibu t ion  i n  nonthermal radiat ion does not remain constant. 
Therefore, i t s  e f fec t  on the  long-wave region o f  the  spectrum i s  not always cu.t 
off  a t  the  same wavelength. This i s  apparently due t o  some physical causes 
underlying the nonthermal radiat ion and act ing a t  a cer ta in  in s t an t  of time. 
Therefore, aside from the  f a c t  t h a t  the  curve of t he  long-period var ia t ions  of  
hl should show a cer ta in  general increase w i t h  a decrease of t he  curve of 6,, it 
cannot have i t s  conventional s t ruc tu ra l  features  which would have t o  a f f e c t  t h e  
character of the changes i n  6,. Such a d i spa r i ty  i s  completely understandable. 
The drop i n  in tens i ty  on t h e  Planck function occurs slowly, whereas i n  non
t h e r m a l  radiat ion the  function I ( h . )  may be steeper. T h i s  could explain the  ab
sence of  a correlat ion between the  long-period var ia t ions of t he  gradients @1 
and G2. 

We have no data  t h a t  could explain t h e  dependence between g1 and mVls. The 
sense of these correlat ions i s  tha t ,  with an increase in i n t e r s i t y  of t he  u l t r a 
v i o l e t  and n o n t h e m l  radiat ion i n  the photographic range of t he  spectrum char
acter ized by the  gradient G1, t he  visual brightness decreases w h i l e  the  spectro
photometric temperature i n  the  red spectrum region increases. Changes of such 
a character could be caused by t h e  following mechanism: If a star i s  surmunded 
by a s ta t ionary envelope, as follows from the  da ta  by A.A.Boyarchuk (Bibl.11) /233 
and i s  confirmed by our observations, then t h e  increment of t he  u l t r a v i o l e t  
radiat ion and consequently of t he  radiat ion pressure should lead t o  broadening, 
which means a decrease of t h e  envelope density. The luminosity of  t he  envelope 
will decrease and, since t h e  r o l e  of t h e  envelope shows mainly in the  long-wave 
region of t he  spectrum, t h e  v i sua l  br ightness  of  the  star w i l l  a l so  decrease. 
or! t he  o ther  hand, V.G.Gorbatskiy (Bibl.12) showed t h a t  a weakening of t h e  e f f ec t  
of t he  envelope leads  t o  an increase i n  the  spectrophotometric temperature T,,. 
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T h i s  p ic ture  agrees qua l i t a t ive ly  w i t h  the observational data.  A corresponding 
ana ly t ica l  expression f o r  the  functional r e l a t ion  of the  chacge i n  gradients 
could confirm t h i s ,  bu t  there  a r e  too few observations avai lable  t o  es tab l i sh  
t h i s  relation. 

Fig.e Changes i n  the P ro f i l e s  of  Hydroger. Lines during 
the  Observation Period of  Juiie 29-30 

In conformity with t h e  theory by V.k.Ambartswyan (~1b1.13), concer ing  the  
d i f f e ren t  a l t i t u d e s  a t  which l i be ra t ion  of energy car, occur i n  the s t e l l a r  
atmosphere, we  assume t h a t  the  nature oI" the  process causing the  changes i n  
t h e m 1  and i n  nonthermal radiat ion of t he  star i s  the  sa?e .  When the  process 
i s  not suf f ic ien t ly  intense and l i be ra t ion  o f  energy occurs under t h e  photo- f23L 
sphere, var ia t ions  i n  t h e  thermal radiat ion of the  s t a r  will occur. hihen t h i s  
l i be ra t ion  occurs i n  the  atmosphere or i n  t he  envelope, there  wil l  be an increase 
i n  the  in tens i ty  of nonthermal radiat ion equivalent t o  t h e  width of the  emission 
l i nes ,  a change i n  the  spectral  d i s t r ibu t ion  o f  t h e  rionthermal radiation, etc.  
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Eased on t!-Ls hypothesis, we must conclude t h a t ,  during t h e  observations, ' t h e  
intensit:; of t he  atmospheric l i b e r a t i o n  of energy changed i r r e g u l a r l y ,  whereas 
t h e  i n t e n s i t y  of  tk,e process of t h e  r e l ease  of energy under t h e  photosphere in
creased continuousl;;. From t i m e  t o  time e j ec t ion  of matter, not associated w i t h  
t he  energ; c a r r i e r  of  nonthermal rad ia t ion ,  from t h e  surface of t he  star t akes  
place. 

It was mentioned t h a t  t h e  increinent i n  nonthermal r ad ia t ion  i s  associated 
w i t h  ar- increase ir: t h e  equivalent width of t h e  emission l i n e s .  It i s  d i f f i c u l t  
t o  sap wha's physical  mechanism i s  opera t ing  here. L e t  u s  r e t u r n  t o  t h e  changes 
i n  the  s p e c t m  of  y Oph, observed on t h e  n ight  of June 29-3C, 1957 (Fig.8). 
The l i n e  va r i a t ions  shown i n  t h e  diagram were accompanied by a marked increase  
i n  i n t e n s i t y  o r  t he  u l t r a v i o l e t  which, on t h e  las t  photograph, had a value 
g rea t e r  tkar, a l l  previously observed increases.  The e x c i t a t i o n  mechanism i s  un
c l ea r ,  b a t  apparently it acted i n  t h e  s t r a t i f i e d  hydrogen envelope where t h e  
atmns ir,  states of lower exc i t a t ion  p o t e n t i a l  are c lose  t o  t h e  surface of t h e  
star; obviously, an agent moving a t  a ve loc i ty  common f o r  e j e c t i o n  of  mat te r  i n  
s t e l l a r  atmospheres i s  involved here, i.e.,  t r ave l ing  a t  seve ra l  hundreds of 
kilometers per second. This charac te r  of  t h e  s t r a t i f i c a t i o n  of  t h e  envelope i s  
i n  agreemefit w i t h  t he  dnta  by 0.Struve on the  width of hydrogen emission l i n e s  
(2ib1.LS ), 

3ri t h i s  S;Lsis, w e  can assume t h a t  t h e  i n t e n s i f i c a t i o n  of t h e  HR and Hy 
l i r L e stook place before start  of our observations. 

The hypothesis or" a star o f  an intermediate s p e c t r a l  c l a s s  with a strati
fied li;;drogen envelope and in t ense  va r i ab le  nontheimal emission does no t  explain 
a l l  the  r e 5 p l a r i t i e s  i n  t h e  spectrum of y, Oph enumerated a t  t h e  beginning of  t he  
Section. The purpose o f  t he  work reported here w a s  not t o  construct t h e  model 
of  a star but  t o  obta in  t h e  l a r g e s t  poss ib le  amount of systematic observational 
data.  T'kerefore, t h e  i n t e r p r e t a t i o n  proposed here should fu rn i sh  a convenient 
workirig hypothesis for fu r the r  d e t a i l e d  observations. It  i s  suggested t o  subject 
x Oph, just a s  o t h e r  brip;ht Be stars, t o  continuous s p e c t r a l  and pho toe lec t r i c  
observations for a period of severa l  years. 1\10 doubt, t h i s  would shed l i g h t  on 
t h e  nature ol' the  changes occurring i n  them. 
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MGTHOD FOR CALCULATING A'lTTOSPHERIC TWLSPAREh'CY IN (236 
DETERNINATI Oh's OF SPECTROPHOTOMETRIC GRAD1EXTS 

I.D .Kupo 

The attenuation of l i g h t  i n  t h e  ear th 's  atmosphere a f f e c t s  both t h e  general 
l eve l  o f  brightness and the  r e l a t ive  energy d i s t r ibu t ion  i n  i t s  spectrum. This 
necessi ta tes  i t s  calculat ion when solving photometric snd spectrophotometric 
problems. An exact computation i s  ra ther  cumbersome; therefore,  most observers 
resor t  t o  simplifications,  assuming t h a t  the  transparency Is the  same over the 
en t i r e  sky, t h a t  it does not change during %he t i m e  of observation, and t h a t  on 
the average it i s  constant f o r  a given point on the  earth. Atmospheric trans
parency i s  calculated by Bouguerts method and, i n  spectrophotometric work, i s  
usually computed for each wavelength separately. I n  t h i s  case, Bouguerfs l a w  
can be wri t ten i n  the  form 

Iz A M (2) - I-
9I , ,  - P A  

where &,x is  the  in t ens i ty  a t  t h e  wavelength X when the  star i s  a t  t h e  zenit'n; 
Izr. i s  t h e  same for a zenith dis tance z ;  i s  the  transmission coef f ic ien t  a t  
the wavelength ?,; N(z)  i s  the  atmospheric mass. B y  observing t h e  s t a r  a t  d i f 
fe ren t  zenith distances,  we can f ind px and &X f rom eq.(l). It i s  obvious t h a t  
t h i s  process i s  tedious i f  repeated f o r  a nu i i e r  of wavelengths. I'levertheless, 
t h i s  i s  the  conventional procedure, 

In  our work, we grea t ly  f a c i l i t a t e d  this problem. I n  determining the  gradi
en ts  we did not use the  values of I 0 x  but  only the  zeni th  value o f  the  spectro
photometric gradient. Let us wri te  Bouguerts law separately f o r  both photo-
metered objects  ( i n  our case iiD 148898 and (v Lyr). TheE, 

However, the value of  r\ l o g  I is  correlated with the  gradient by 

1AlogI ,=T H i - a ,  

where H i s  proportional t o  t h e  gradient and a i s  a constant. Then, 

Here, H, i s  the  unknown zenith gradient, and A i s  a new constant: 

A = C L ~-U. 

However, a = A log I for -r. - 0 .-

I I I  I 



Consequently, tne value of a depends on t h e  brightness difference of the  
compared stars, a, i s  the  zenith value of t h i s  difference,  and a i s  t h e  same, 
d is tor ted  b:r t he  atmosphere effect .  It i s  evident t h a t  i f  the  b r igh te r  star i s  
located a t  a shorter  zenith distance,  we  have a > +, and i f  the  l a t t e r  i s  the  
conparison star, we can write,  again using Bouguerts l a w ,  

a a,--Iogp, * A ,M((z). (5 )  

Fron eqs. (L) and ( 5 )  we obtain 

A = ] ~ g p ,* A M ( z ) ,  ( 6  1 
a f t e r  which eq.(3) can be rewrit ten i n  the  form 

We do not know the  value of pm, but we can ind ica te  i t s  extreme limits. Assum
ing tnat, for X = (0, t h e  atmosphere i s  transparent,  px = 1, then 

O r  t!-,e other  hand, we can assume t h a t  p, = px, i .e. ,  t h a t  t he  transparency f o r  
an i n f i n i t e  wavelength i s  the  same as  f o r  t he  selected wavelength i n  the  spectral  
region under consideration. In  such a case, eq.(7) w i l l  take the  form 

1--H = -1 
-H, + 2 A M (z)logpkc, ( 9 )

AC A, 


where I C  i s  some kind of fixed wavelength. 

Thus, eq. ( 7 )  can be presented i n  the  form 

1 1 
h C  ).C- H r  - H  0 + n* M ( Z ) l o g P i  1 

where 2 2 n 2 1. 

On solving eq.(lO) by the  method of  l e a s t  squares, we obtain 

H ''( n  A sM p . C  Hz - C n A M - C  n A MH,  
.. -~ 

0 - K ?: (nA M)2 - (Cn A M ) 1  
9 

where k i s  the  number of equations. 

A s  we see, the  second expression does not depend on the  value n. Conse
quently, the zenith value of the gradient i n  t h i s  method i s  f r e e  of any assump
tions.  
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I n  determining t h e  q u a n t i t y  l o g  px,, t h e  va lue  n e n t e r s  so t h a t  t h e  &ove 
method can be  used o n l y  f o r  d e r i v i n g  t h e  l i m i t s  w i th in  which t h e  transrnission 
c o e f f i c i e n t  i s  loca ted .  

I f ,  a t  a fixed wavelength, we t a k e  one corresponding t o  t h e  near, freqcency 
of t h e  s p e c t r a l  in terval  

then  t h e  e q u a l i t y  (lo), i n  final form, i s  r e w r i t t e n  as /231 

where 

Of course,  t h e  proposed method of c a l c u l a t i n y  t h e  atmospheric t ransparency 
carrnot be used i f  t h e  t ransmiss ion  c o e f f i c i e n t  o f  t h e  atmosphere i s  wanted, b u t  
i n  ou r  opinion it has  a number of advantages i n  det2rminir-g t h e  spectrophoto
met r ic  grad ien ts .  F i r s t ,  t h e  method i s  l e s s  cumbersome s i n c e  a l l  v?lues en te r 
i n g  i n t o  eq . ( l l )  are determined beforeharid for o t h e r  purposes and it rerr,airls 
only t o  so lve  t h i s  equat ion.  Second, h s t e a d  of p l o t t i n g  t h e  v a l c e s  o f  log I, 
which are weighted wi th  random e r r o r s ,  a c e r t a i n  average va lve  for a giver, 
region,  i.e., i r A t h i scase  t h e  gra.dient, i s  l a i d  o f f  on t h e  o r d i n a t e  of Ecuguerfs  
d i ag ran  i n  accordance wi th  Bouguer?s method. F i n a l l y ,  r e l i a b l e  p1ct t i r .g  o.? 
Bouguerls l i n e  r e q u i r e s  observa t ions  a t  s u f f i c i e n t l y  spaced zen i th  d i s t ances .  
This  i s  d i f f i c u l t  t o  achieve  when a region wi th  a s m a l l  dec l inn t ior .  i s  observed. 
I n  our  case,  i n  observing t h e  region of ? C'p:?, t h e  m a i m 2 1  hz reac'red dcr:rg t!:e 
Eight  d i d  not  exceed 11'. I f ,  zlong with  stars o f  s ~ c ha regior., ax ob'ect t c j  
observed which r ap id l l - changes i t s  zen i th  d is ta r .ce ,  t3e char,ge i n  tkLe d i f fe rer .ce  
of a t m s p h e r i c  passes - a t  appropr i a t e  s e l ec t io r .  o f  t h e  observaLior, t i z e  - Ea;; 
y i e l d  an  apprec iab ly  hig:-,er valiie. A conbinat ion of tk,e obsc rva t lo r s  cf t:';e 
reg ion  x rQph and ri iqr w i l l  y i e l d  a change of  "P durir-;: t h e  ccilrse of  t h e  r,ig?.t, 
a l n o s t  twice t h e  m a x i m a l  permiss ib le  chxige o f  F. 

It i s  obvious t h a t ,  i n  t h e  above method, t h e  deperidexce lcq F~ --1 i s  

pos tu l a t ed  for a l i m i t e d  s p e c t r a l  region. Th i s  assxxpt ion i s  approximately \*&lid 
s ince ,  without  such p r o p o r t i o n a l i t y ,  it wculd be i n p o s s i b l e  t o  observe c!ianges 
i n  t h e  va lue  o'f t h e  g rad ien t  i n  a given s p e c t r m  region; t h e  s t rong  caxber of 
t h e  s p e c t r a l  curve would no t  permit  i t s  expression by one g rad ien t  valne.  

This  method o f  ca lcu- la t i~g atmospk,eric tr2nsparenc;J i s  ide r , t i ca l  a t  least 
f o r  t h a t  port ior .  of t h e  c e l e s t i d  dome where both compared reg ions  a r e  l cca t ed .  
This  i s  one of t h e  s i m p l i f i c a t i o n s  oI" t h e  problem mentiorled a t  tr:e b e g i m i n g  of  
t h i s  Section. 

This  method o f  c a l c u l a t i n g  &tmospheric traxisparency was ased  i n  ou r  work 
(Eibl.1).  The i n v e s t i g a t e d  reg ion  of x ($1: was photogrzphed repea ted ly  (up t o  
8 times) durir,g t h e  n ight .  Tke spectrum o f  w L y r  :ms i q r i r t e d  OY- each neget ive.  
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The r e l a t ive  spectrophotometric gradien-t of the star ID 1t8898, whj-ch served a s  
comparison s t a r  when spectrophotometering x Oph, w a s  determined on each photo
q a p h  w i t h  respect t o  N Lyr. For nights  during which more than four gradients 
were obtained, eo.(11) w a s  solved by the  method of l e a s t  squares, and the  value 
of t h e  zenith distance w a s  obtained. We a l so  calculated t h e  values of E f o r  
the boundary conditions n = 2 and n = 1. Since the  gradients of  thencomparison 
s t a r  were deter$ned for two regions of the  spectrum AX 3800 - 5200 A. and 
?..A 530C3- 6500 ('., Lh$? values of px were a l so  obtained f o r  the  wavelengths 
>. !,5@c and ? 5900 il. The r e s u l t s  of  t h e  calculat ion for ~ 4 5 0 3a re  shown i n  
Table I. For Eqo0only the  average value, obtained from the  data  of six nights  
o f  observation, i s  given: 

TABLE 1 

-
P~w-, 

c c c 
h
In I. 

2 , "  
L. 
m 
=. 

I. 
m 0 
I e 

U 
E 

LI
u g 
8 -

G c I 

-J-r m cu 
w o2- '0 
c ( m  

-7 
h 
ca 

-~~ -~ 

10.69 1 0 . 7 4  I 0.81 1 0.70 ' 0 . 7 8  
0.47 0.55 0.66 0.50 I 0.62 

Thus, both the  average and the  individual values of &, found on the as
s-umption of  n = 2, a r e  i n  sa t i s fac tory  agreement with the  data  o f  o ther  trans
parency determinations. There a l so  i s  agreement between these r e s u l t s  and the 
daytime determinations of transparency, made by V .S.Sokolova f o r  the  Kamenskiy 
Plateau (3ib1.2). Apparently, the  formal value of  pm can be considered as ap
proximately eqi;al t o  px, and for an incidental  approximate evaluation of the 
transmission coef f ic ien t  we can use eq. (9).  

In plott if ig Bouguerfs l i n e s  it was notel  t h a t ,  f irst ,  they represent a 
=s t r a lyh t  l i n e  only up t o  an atmospheric mas3 difference not  exceeding @I2 

and t h a t ,  second, t he  curvature produced a', l a rge  values of /\Mi s  convex toward 
the  abscissa. The f irst  f a c t  ind ica tes  an inconstancy of transparency during 
t h e  observations, which i s  a ser ious shortcoming of t he  as tmcl imate  of the 
Observatory. The second f a c t  l eads  t o  a curious conclusion: Since hM > 2 was 
usually reached a f t e r  midnight, t he  impression i s  gained t h a t  t h e  character of 
the  break i n  S o u p e r *s l i n e  ind ica tes  a de te r iora t ion  of atmospheric transparency 
during the  second half  of t he  night. The avai lable  mater ia l  does not permit a 
fir ,al  conclusion. The question arises whether t h i s  phenomenon i s  caused by 
temporary midnight disturbances, which become s tab i l ized  during the  course of 
t h e  night or which, coriversely, progress t o  the  predawn hours. These questions 
require fu r the r  study. I n  a.ny case, the  noted e f f ec t  contradicts  the  usual con
cept o f  the  var ia t ion  of transparency during t h e  night;  although we cannot in
sist on i t s  r e a l i t y  owing t o  the  lack o f  material, we thought it useful  t o  c a l l  
the  a t ten t ion  of  observers t o  this finding. 
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COIG'ARISON OF THE TELLURIC LINES OF 0 2  AT DIFFERDJT 
HETGHTS ABOVE SEA LEVEL 

L.G.Kuznetsova 

Invest igat ions of t h e  oxygen content i n  t h e  ear th 's  atmosphere have been 
carried out a t  the Astrobotany Sector of the  Kazakh Acadeqy of Sciences since 
1955 (5ibl . l ) .  Their purpose w a s  t o  determine the  dependence of t h e  oxygen con
t e n t  i n  the atmosphere on the  seasons of t h e  year, t h e  subjacert  surface,  and 
on t5.e height of t h e  l o c a l i t y  above sea l e v e l ,  and f o r  o ther  reasons. 

I n  1955 - 1956, A.K.Suslov made systematic observations of t h e  t e l l u r i c  
l i n e s  of 02 a t  A l m a - A t a .  A s  a r e s u l t ,  he w a s  able  t o  def ine the  annuai varia
t i o n  i n  i n t e n s i t y  o f  the  t e l l u r i c  l i n e s  of O2 f o r  A l m a - A t a  with a m a x i m u m  i n  
July. 

The observations of  1955 - 1956 a t  A l m a - A t a ,  kshkhabad, Vannovskiy, and 
Temir-Tau i n  Gornaya Snoriya indicated t h a t  t h e  t e l l u r i c  l i n e s  of O2 depend on 
the subjaceflt surface of the geographic point ,  on t h e  seasons of the  year, on 
changes ir. the type o f  macrocirculation i n  the  atmosphere, e tc .  

In  195P, the  author i n  collaboration w i t h  A.K.Suslov, carr ied out  invest i 
zations t o  demomtrate t h e  dependence or" t h e  i n t e n s i t y  o f  t e l l u r i c  l i n e s  of O2 
or: the  height above sea level .  The observations were made simultaneously a t  
heights of S5O and 3060 m above sea l e v e l  (a difference i n  a l t i t u d e  of 2210 m). 
The resi i l ts  of  t h i s  work a r e  given below. 

1. Descrip-tipg o f  I n s t r m e n t s  

The observations were performed simultaneously a t  two l o c a l i t i e s :  

1) Observatory of the  Astrobotany Sector a t  A l m a - A t a  (A = 5h7m11.2.1L6;rr. = 
= IL3'1L' L7"; I-I = 850 m above sea leve l ) .  The observer w a s  L.G.Kuznetsova. 

2 )  Observatory of GAISh (Shternberg S t a t e  Astronomical I n s t i t u t e )  a t  
Dzhaylyau (Zai l iyskiy Alatau, region of Lake Alma-Ata) ( A  = 5h9m; u = L3'L.' ; 
E = 3060 n. above sea leve l ) .  The observer w a s  A.K.Suslov. 

A t  t h e  former s i t e ,  a diffraction.telespectrograph 2, described elsewhere 
( 3 i b l . l ) ,  was used. 

The d i f f r a c t i o n  gra t ing  of the  spectrograph had 5600 l i n e s  per  centimeter. 
The object ive of t h e  camera w a s  a Tessar apochromatic l e n s  with an aperture  
r a t i o  of 1 : l O  and a f o c a l  length of 1'6 cm. The object ive of  t h e  coll imator had 
a foca l  length of LO cm. I n  f r o n t  of t h e  slit an object ive (No.52000, 12 10,
London, Rapid Rect i l inear )  was  attached, which projected the  image of  t h e  /2L1 
sun onto the  s l i t  of  t h e  collimator. 
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The spectrum of t h e  center o f  the  so l a r  d i sk  a t  t h e  t h i r d  order with a 

L 9 - dispersion of 7.077 & O.OL2 A/mm was  investigated. The resolut ion was -A 
= 6288 (fig.1). 

Fig.1 Dispersion Curves 
(Numbers of the  l i n e s  correspond t o  the  numbers 

of t he  spectrograph on a l l  diagrams) 

The dispersion curve was plot ted from t h e  photometric segment of the  
band A. 

A t  the  second observation s i t e ,  a d i f f r ac t ion  spectrograph 1, described 
elsewhere (Bibl.2), was  used. 

The objective of t h e  camera w a s  a ca l lop ta te  with an aperture r a t i o  of 

1:7.7 and a focal  length o f  19 cm (E,Krauss, P a r i s ,  No.70331). The focal  length 


m 

Fig.2 Character is t ic  Curves 
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of  t h e  c o l l i m t o r  object ive was  21 cm and the  lens  diameter, 2.5 cm. 

The spectrograph was used as a nebular type, using a method analogous t o  
tha t  given el5ewhere (Bib1.1). A third-order  spectrum with a dispersion of 
16.63 f 0.18 A/mm was investigated.  

A t  both sites, t h e  t e l l u r i c  l i n e  of 0, with a wavelength of h = 7620; 995 E. 
w a s  spectrographed. 

2. Work-up of- t h e  Negatives 

The scale of a s tep  wedge was  imprinted on each negative. A t  t he  first 
observation si te,  we used a quartz s tep  wedge No.550193 which we cal ibrated on 
t h e  MI?-2 microphotometer with a red f i l t e r  through which the  sun w a s  spectro
graphed. 

A t  t h e  second s i t e ,  we used a s tep wedge No.510003 from the  ISP-51-11 
spectrograph belonging t o  the  GAISh. The da ta  of f i e l d  transmission a re  taken 

' A  I m m  E 

I 

at 04 05 06 

Fig.3 P ro f i l e  of O2 Lines and Fig.4 P ro f i l e s  of O2 Lines 
Averaged Curve 

from the  description. The first f i e l d  of t he  s tep  wedge No.550193 has a trans
mission coef f ic ien t  of 2.0, t h e  second, 1.82; t h i rd ,  1.59; fourth,  1.42; f i f t h ,  
1.27; sixth, 1.1; seventh, 0.93; eighth, 0.76. 

The s tep  wedge No.510003 had t h e  following transmission coeff ic ients :  first 
f i e ld ,  2.0; second, 1.8; th i rd ,  1.63; fourth, 1.46; f i f t h ,  1.28; s ix th ,  1.1; 
seventh, 0.93; and eighth, 0.76. 

A t  t h e  first si te,  an extrafocal  image of the  sun, obtained by using one 
back l e n s  of  t h e  objective,  w a s  used when photographing t h e  scale. The f ron t  
l e n s  was  unscrewed. The cha rac t e r i s t i c  curves w e r e  p lo t ted  f o r  t h e  spec t ra l  
region between t h e  invest igated l i n e  and the  main series (Fig.2). 

The negatives were analyzed on t h e  MF-2 microphotometer. The measured 
values of t he  densi ty  from t h e  cha rac t e r i s t i c  curves were  converted t o  in t ens i ty  
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logarithms. The p r o f i l e s  o f  the  oQgen l i n e s  were plot ted from the  obtained 
values, From these poin ts  we piot ted the  average curve, from which we recorded 
the  values every 0.01 mm (0.07 A) (Fig.3). 

The equivalent width of the  investigated oxygen l i n e s  was  determined by L2L.2 
the  conventional method. Table 1 shows the  e q ~ i v a l e n twidths of the  oxygen l i n e s  
investigated a t  the  indicated two observation s i t e s .  

/ 
log w 0 

u a2 a 4  06 

Figs.5, 6 Values of the  Equivalent Widths of O2 Lines 
The dark c i r c l e s  are f o r  Alma-Ata and the  l i g h t  c i r c l e s  for 

the  Ob servatoqr GAISh a t  Zailipki:: Alatau 

The in t ens i ty  of t he  t e l l u r i c  l i n e s  of oxygen was compared with respect t o  
21 values o f  the equivalent widths of l i n e s  obtained a t  coicciding in s t an t s  of 
time, with the  difference i n  time of photographing not exceeding 10  nic. I k s t  
of ten t h i s  difference was from 2 - 7 min. 

The in t ens i ty  of the  t e l l u r i c  l i n e s  o f  O2 a t  bcth s i t e s  i s  shown In  Figs.5 
and 6. 

Having calculated the  logarithms of  t he  a i r  masses log  Iwi(2,) and reduced /2LL 
them t o  sea l e v e l  (based on t h e  Tables by K.M.Shtaude) and also t he  logarithms 
of the  equivalent widths of O2 l i n e s  l o g  W, we p lo t ted  the  curve (fig.6). For 
a l l  observatfon sites, we obtained the  average s t r a igh t  l i n e s  characterizing the  
var ia t ion  i n  in t ens i ty  of t he  t e l l u r i c  l i n e s  of O2 x i t h  a change i n  a i r  m a s s .  

The logarithms of the  values of t he  equivalent widths of G2 l i n e s  f o r  
log  M(Z.) = 0.5 were taken by days f o r  comparison. On t h e  bas i s  of  t h i s  Table, 
we obtained the  ar i thmetic  mean values of l o g  V for Alma-Ata and the  Observatoq7 
o f  GAISh a t  Dzhaylyau. We have 

W'A zz 0.673 A ;  \Vi =0.74YA; A 1 ~ "~ ; b. ~7~ = 0.075A. 

Thus, t he  equivalent width of t he  O2 l i n e s  formed by the  atmospheric l aye r  
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TABLE 1 

VALUES OF EQUIVALmT LINE WIDTHS OBTAINED AT ALMA-ATA (850 m 
ABOVE SEA LEVEL) AND AT THE OBSERVATORY GAISh ( f i I L I Y S K n-ALATAU, 3060 m ABOVE SEA Lnn) - -

E q u i  v a1 ea t Fquival  en t 
1,iae Width log Line Width 

Date 
[Obae r v  m- I958 obB e r v a

lma-At. t o r y
GAI Sh G A I  Bh 
log  w -. -

I 2 3 1 4 1 1 2 1 3 1 4-
24 J u l y  	 0,430 I 9,462 27 J u l y  0,399 9,748 I 1,681 

0.340 9.505 0,789 9,643 
0.287 9,462 0.270 9,732 
0,284 9,505 0.149 1,813 
0.246 9.462 0,094 1,756 
0,179 9,505 0,059 !.491 
0,150 9 * 477 -0,062 b.556 
0.I55 I 9.568 

I
-0.089 3,380 

0,036 I 9,415 -0: 125 3,230 
0.013 

I 
9,663 -0.104 3 ,  $44 


-0.030 I 9,568 28 J u l y  0,944 0,041 

-0,061 9,398 

1 
0.891 0,017 


0,056 9.531 01554 

0,054 9,556 \ 0.579 9,934 

3,944 


0.078 Ys602 1 9.880 

- 0,087 9,518 9.806 
-0 ,112 9,531 0 29C 9,672 
-0.1 I R  9,447 0.03: 9,633 
0,285 9.806 -0,02� 9,633 
0.301 9.771 -0,OOE 9,633 
0,316 9,839 30 J u l y  0.80I 9,954 
0,466 9 I 857 0.57: 9,857 
0.581 9,732 0.441 9,903 
0.77s 9,991 0,554 !),851
0.86C 0,009 0.50: 9,857 

25 J u l y  (I.02.: 9.613 0.33: 9,716 
(1.02; 9,ti53 0,41! 9,845 

-0,051 9,544 0,35' 9,813 
- 0 .  I I1 9,471 0.21. 9,699 
-0.11: 9.580 0.17 9,756 

26 J u l  Y 0,47( 9,778 0.168 9,477 
0.201 9,513 -0.09 9.415 
0.16 9,681 - 0.11 9,462 
0.2N 9.690 -0 ,oo 9,724
0.23. 9,602 0,297 9,732
0,101 9,602 0,399 9,799
0,099 9,556 0,507 9,863
0,06, 9,580 0,515 9.897
0,oo 9,544 0.554 9,892

-0.09 9,518 0,581 9,903
- 0 , l l  9.491 0,616 9.903 
-.o, I2 9.544 0,640 9,903
-0.00 9.568 31 J u l y  0.121 9,663 
-0,oo 9,580 0,073 9,748
-0,12 9,544 0.021 9,771
-0.11 9,672 -0,045 9.863 
-0,11 9.602 -0,085 9,763
-0, I I 9,643 -0,005 9,623

0 , I l  9,740 -0,124 9,851 
27 J u l  	 0.6E 9,914 0,406 9,819

0.62 Y ,903 0,424 9,724
0.51 9,934 0,313 9,681 
0,61 9,778 0,442 9,813
0.5: 9,851 0,329 9,516
0.5: 9,623 0,462 9,756
0.41 9,813 0,481 9,806 



-- 
TABLE 1 (cont fd)  

~ - -
2 3 1 4 1 1 2 

31 
0.530 9.826 0.266 9.724 

I h g .  0.392 
0-32.3 

9.839 
9.839 

0.143 
0.257 9.740 

9.690 

0.217 6.663 -0.105 9.469 
0.949 9.663 0.015 9.602 

J u l y  0.50G 9.9G8 15 h g .  0.201) 9.556 

-0.121 9.491 0.016 9.544
-0.022 91518 0.016 9.591 

14 h J g .  0.409 9.875 17 6 g .  0.550 9.826
0.392 9.756 0.459 9.756

0.269 9.699 0.283 9.68I

0.153 9.690 0.155 9.623


-0.107 9.556 18 0.591 9.9.39 

0.724 9.653 0.464 9.792

15 Aug. 0.636 9,903 0.282 9.672 
0.619 Y.8ti9 0.167 9.580
0.419 9.857 -0.087 9.568
0.562 9.806 19 0.592 9.919

0.476 9.792 0.465 9.813

0.391 9.75s 9.7.56 0.383 9.763
0.269 9.799 

over the  Observatory of GAISh a t  Dzhaylyau (Zai l iyskiy k la tau)  was 0.C75 !. 
greater  than t h a t  over A l m a - A t a ,  despi te  the f a c t  t h a t  the  l a t t e r  l i e s  21G n 
lower than the  Observatory of GAISh a t  Dzhaylyau. It i s  useful t o  mention here 
the results of t h e  invest igat ions by A.K.Suslov i n  1955 - 1956, although h i s  
observation s i t e s  did not d i f f e r  t h a t  great ly  i n  a l t i tudes .  There i s  more 
oxygen a t  Alma-Ata (850 m above sea l e v e l )  than a t  Vannovskiy (610 m above sea 
l e v e l )  than a t  Temir-Tau i n  Gornaya Shoriya (L71 m above sea l e v e l )  and a t  
Ashkhabad (23L m above sea l eve l ) .  But there  i s  l e s s  oxygen a t  Vannovskip than 
a t  Ashkhabad. 

Probably the subjacent surface of a given l o c a l i t y  has a greater  e f f ec t  on 
the  oxygen content a t  various geographic poirits than i t s  height above sea level.  
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SACK SCATTIBIMG OF T'dILIGHT AT ARBITRARY POINTS OF THE SKY 

K.P .Perevertun 

The t o t a l i t y  of  our knowledge on t h e  t roposphere,  s t r a tosphe re ,  and iono
sphere i f id ica tes  t h a t  i n  t h e  e a r t h ' s  atmosphere, beginning wi th  t h e  ground 
la;.ers and ending wi th  t h e  atomic region,  t h e r e  are powerful movements o f  a i r  
masses, e l e c t r i c  d i scha rges  o f  co los sa l  fo rce ,  and widely f l u c t u a t i n g  tempera
t u r e  ar.d p re s su re  changes. Therefore ,  it i s  completely inadequate  t o  s tudy t h e  
atmosphere a t  one o r  several p o i n t s  o f  t h e  e a r t h  no mtter how e f f i c i e n t  might 
be  t h e  f a c i l i t i e s  used f o r  t h i s  purpose. 

The atmosphere of  t h e  e a r t h  must be s tudied  as a whole, u s ing  simple and 
a c c e s s i b l e  means of  observa t ions ,  which permi t  organiz ing  a dense network of  
s t a t i o n s  over  a l a r g e  por t ior ,  o f  t h e  USSR t e r r i t o r y  so as t o  o b t a i n  d i u r n a l  d a t a  
orLt h e  p h p l c a l  state of  t h e  s t r a tosphe re  and ionosphere.  O f  a l l  i n d i r e c t  
methods, t h e  t w i l i g h t  method i s  optimum i n  t h i s  respec t .  A broad network of  
t w i l i g h t  s t a t i o n s  will permit  s tudying t h e  s t r u c t u r e  o f  t h e  s t r a tosphe re  and 
lower 1a:rers of  t h e  ionospklere and t o  d e f i n e  i t s  v a r i a t i o n s  wi th  changes i n  
l s t i t u d e  and longi tude  of  t h e  observa t ion  sites. Such information w i l l  help t o  
e s t a b l i s h  t h e  i n t e r r e l a t i o n  and interdependence of  meteorological  phenomena 
w i t h  processes  i n  t h e  s t r a t o s p h e r e  and ionosphere.  P r a c t i c a l  experience has  
shown t h a t  t h e  t d l i g h t  method g ives  r e s u l t s  t h a t  ag ree  w e l l  wi th  results ob
t e ined  from rocke t s  and a r t i f i c i a l  e a r t h  s a t e l l i t e ' l a u n c h i n g s .  

A l l  t h i s  o b l i g e s  S o v i e t  s c i e n t i s t s  t o  develop and e l zbora t e  t h e  t w i l i g h t  
theory as  w e l l  as t o  improve and des ign  new appa ra tus  f o r  ensur ing  a successfu l  
t w i l i g h t  se rv ice .  f i r t h e r  development of  t h e  t w i l i g h t  theory  as a xhole  i s  
Lntimatelp connected w i t h  working o u t  a theo ry  f o r  c a l c u l a t i n g  t h e  secondary 
and 'nigher o r d e r s  of  l i g h t  s c a t t e r i n g .  Various pape r s  by Sov ie t  s c i e n t i s t s  have 
been devoted to t h i s  problem. 

For  a r igorous  s o l u t i o n  of t h e  problem o f  c a l c u l a t i n g  back s c a t t e r i n g  i n  
t w i l i g h t  phenomena, t h e  mode of  c a l c u l a t i o n  o f  t h e  primary b r i g h t n e s s  of  t w i l i g h t  
a t  any p o i n t  o f  t h e  sky must be  known. The t w i l i g h t  t heo ry  developed i n  t h e  
c l a s s i c a l  work by  Academician V .G.Fesenkov and t h e  numerous papers  by  N.M.Shtaude 
permit  c a l c u l a t i n z  t h e  t h e o r e t i c a l  va lues  of  the  primary b r i g h t n e s s  of t w i l i g h t  
f o r  t h e  e n t i r e  sky. 

Ii.K.Shtaude, having l a i d  t h e  foundat ion of  t h e  gene ra l  t w i l i g h t  theory  and 
u s i r g  t h e  va lues  o f  t h e  pr imary b r i g h t n e s s  o f  t h e  t w i l i g h t  sky as b a s i s ,  gave a 
genera l  forrnula f o r  t h e  magpitude o f  back s c a t t e r i n g :  

' r00 /24.6 
111=-

CI . B K q mdr, (11 
0 

where 



x 

C ,  = 2 x  \ - f ( a ) s l n a d a ,  

il 
Y

Iiere, ". i s  a fac tor  allowtng f o r  absorption along t h e  l i n e  of s igh t ;  K i s  t h e  
o p t i c a l  densi ty;  E i s  the  value of  t h e  double i n t e g r a l  equal t o  

2 x  u ( A )  

B =  [ d A  I I s i n u f ( z ) d v ,  
'0 0 

where A i s  the a z i m t h ;  I, i s  t h e  primary br ightness  of t h e  ray; v i s  t h e  angle
of  elevation zbove t h e  horizon, i .e. ,  the  zeni th  d is tance  of the  influencing 
direct ion;  ?(P ) i s  t h e  sca t te r ing  i r d i c a t r i x .  

Z p a t i o c  (1)permits a theore t ica lde te rmina t ion  of back sca t te r ing  a t  any 
point of t h e  sky. However, a d i r e c t  determination of the  value of I,, by t h i s  
formula reGuires extremep; cumbersome calculat ions,  s ince here t h e  value of the  
p r i m a q  brightr,ess a t  a s u f f i c i e n t l y  l a r g e  number of po in ts  along the l i n e  of  
s ight  must be know.. This forced researchers t o  look  for the  l imi t ing  values of  
the ur.kr-0i.m qmntLt:T I,, . 

For  the zeni th ,  N.K.Shtaude found t h a t  

where 

since,  for the  zenith,  r/ = v; p i s  the  transmission coef f ic ien t  a t  t h e  observa
t i o n  s i t e ,  and C, i s  the  former w l u e  of the  constant i n  eq.(l) .  

'Jowever, f u r t h e r  development and elaboration of the  theory of calculat ing 
the back sca t te r ing  for t h e  e n t i r e  sk.~requires  a determination of  I,, f o r  any 
di rec t ion  of t h e  l i n e  of s ight .  i?e made an attempt t o  def ine the l i m i t i n g  value 
o f  I,, f o r  any point  of the  twi l igh t  sky. 

In  eq . ( l ) ,  l e t  us  replace t h e  f a c t o r  TM, which allows f o r  absorption along 
the l i n e  of s igh t ,  by a value equal t o  

and use a 3ew ir , tegration var iable  .'-'. 
From a determinat im of t h e  generalized secant and the  o p t i c a l  mass, we 

w i l l  obtain 
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Hence , 
k d r =  k c  ( z ) d h = - - ( z ) d 9 .  

S u b s t i t u t i n g  t h e  v a l u e s  o f  7' and kdr  i n t o  e q . ( l )  will y i e l d  /2L7 

Since  b ( z )  v a r i e s  extremely slowly wi th  any change i n  t h e  value o f  2 ,  i.e., 
n 

b(z,)  %(z) ,  t h e  va lue  of t h e  i n t e g r a l  ( 9 )  i s  e a s i l y  taken  i n  f i n a l  form, so 
t h a t  

BrI,= - . r - [1 -p b (z.) 
CI - 1  - (10) 

0 
Based on eq.(lO) we ca l cu la t ed ,  �or every 10 of  t h e  s o l a r  v e r t i c a l ,  t h e  

b r i g h t n e s s  o f  back s c a t t e r i n g  of t h e  l i g h t  of  t h e  t w i l i g h t  s k y  11~a t  two wave
l e n g t h s  = ,520 mu and ha = 512 m u  for 6", 7" , and r" of  s o l a r  depression.  

To f a c i l i t a t e  t h e  c a l c u l a t i o n s ,  we set  up Tables  f o r  t h e  values of  p
h0) 

and Tables  of  t h e i r  logar i thms also �or two wavelengths, A ,  = k20 mp and h ,  = 
= 512 mu. 

The va lue  of  B o  e n t e r i n g  i n t o  eq.(lO) was ca l cu la t ed  by t h e  method of 
quadratLre s 

T: 


Sr 2. 
Bo = [ d A  J W d v ,  

b o 

w h e r e  ?l = II s i n  v f (,Y). 

The working f o m u l a  for c a l c u l a t i n g  'd has t h e  form 

log W = l o g / ~+logslnv + o g f ( a )  . (12) 

I n  c a l c u l a t i n g  t h e  v a l u e s  o f  W, we used t h e  Rayleigh s c a t t e r i n g  i n d i c a t r i x  
f (2) :  

f ( a ) =  1 + c o s 2 a ,  (13 1 
s i n c e  t h e  values of t h e  r a t i o s  111/1, for Rayleigh and Rocar i n d i c a t r i c e s  showed 
only a n e g l i g i b l e  divergence,  l y i n g  wi th in  t h e  e r r o r  of t h e  c a l c u l a t i o n :  

b e a r  Ray1 eigh 

94 0 0.23 0.21 
9W 0.62 O.bl 

The s c a t t e r i n g  ang le  T ,made by a l i n e  pas s ing  through t h e  p o i n t  on which 

28 5 



-- 

-- 

the  back-scattered l i g h t  i s  incident and the  l i n e  passing through the  point which 
i s  the  center of t he  back-scattering wave was calculated by the  formula 

cos a = COS 2 0  COS L' 7' S l n  Zo Sin u COS A , (1L1 
where zo i s  the  zenith dis tance of the  point a t  which the  value of t he  back /24�!
sca t te r ing  i s  determined; v i s  t h e  zenith dis tance of t he  e f f ec t ive  point;  A i s  
the  azimuth. 

TABLE 1 TABLE 2 

m
I I  

m
I I  

V V 

I
I 

A¶ 

0 -4.59 
2 -4.64 
5 -4.60 
10 -4.49 
20 -4.18 
30 -3.93 

-5.39 n -3..51 -4.84 
-5.89 2 -3.53 -4.92 
-5.79 5 -3.5! -4.76 
-5.53 10 -3.73 - 4.Sl 
-5.14 20 -3.09 -4.Q6 
-4.78 30 -2.50 -3.71 

40 -3. '70 -4.53 40 -2.60 -3.43 
50 
60 

-3.53 
-3.41 

-4.34 
-4.17 

50 
b o  

-2.4 I 
-2.25 

-3.24 
-3 .05  

70 -3.27 -4 .00 70 -2.0Y -2.69 
80 -3.17 -3.91 80 -1.98 -2.74 
90 -3.11 -3.84 90 -1.88 -2.69 
100 -3.11 -3.82 100 -1 .9:5 -2.71 
110 -3.13 -3.86 1 I O  

120 
-2.00 
-2 .1  I 

-2.72 
-2.85 

130 -2.23 -3.05. 
140 -2.42 -3.27 
1.50 -2.62 -3.54 
I60 -2.92 -3.91 
170 -3.37 -4.47 
175 -3.51 -4.76 
178 -3.53 - 4.92 
180 -3.51 -4.34 

TABLE 3 

in
I mI 

V U 

1.2 - -

0 -2.33 -3.73 90 -0.66 -1.52 
2 -2.31 -3.62 100 -0.72 - 1.56
5 -2.30 -3.60 110 - 0.85 - I  .66 
10 -2.13 -3.46 120 - 0.96 - 1.82 
20 -1.88 -2.62 130 -1.14 -2.05 
30 -1.62 -2.62 140 - I  .34 -2.f3 
40 - I  .40 -2.38 150 -1.58 -2.53
50 -1.22 -2. I 9  I60 -1.86 e--2.88
60 -I  .06 -1.95 170 -2.18 -3.46
70 -0.93 -1.78 175 - 2.30 - 3.60
80 -0.77 - I  .62 	 178 -2.31 --3.62 

160 -2.33 -3.73 
286 
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Iri determinino X, the  sca t te r ing  angles r/ were calculated a t  the  s o l a r  
v e r t i c a l  every 10°oof e levat ion above t h e  horizon and every 30' with respect t o  
a z i n i t h  for the  poin ts  v = Coy 2", 5', lG", 2G0, 30', LrGo, 60°, 70°, 90' a t  
zeni th  dis tances  of the sun equal t o  96', 9? , and 98". 

To check t h e  degree o f  q.mnetr;y o f  I,, f o r  t h e  l i g h t  and shaded s ides  o f  /2119 
the sky, we addi t iona l ly  calculated CY and W for v = llO", l & O O ,  160",170°, 1 ° K  
17E?', and 1PO". 

The values of the back s c a t t e r i n g  brightness of  l i g h t  of t h e  twi l igh t  sk::,. 
ILz, calculated b;r eq. (lo), are shown i n  Tables 1, 2, and 3 ,  expressed i n  s t e l l a r  
mgnitudes w i t h  sqaare degrees. 

An analysis  of the  r e s u l t s  shows t h a t  t h e  values of  t h e  l i g h t  s ide  of the 
twi l igh t  sky exhib i t  almGst t h e  s a i e  var ia t ion  as t h e  dark side,  The differer,ce 
does not exceed 5 - P:5 o f  the  average values of q I. Therefore, f o r  a l l  pract i 
ca l  purposes we can consider the  value of back s c a t t e r i n g  mII t o  be s p e t r i c a l  
r e l a t i v e  t o  the zeni th  f o r  the  e n t i r e  sky. This opens broad p o s s i b i l i t i e s  �or 
calculat ing the theore t ica l  br ightnesses  of twi l igh t  with allowance f o r  back 
scatter',ng ir! any d i r e c t i o n  of t h e  l i n e  of sight.  
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C .FLAI@IARION - FOREFATHEB OF ASTROEIOLOGY /25 0 

A .K .Suslov 

1, C. Flammarionc s Contribution t o  Propagatirg MaturalScience Knowledge 

It has presently become necessaqy t o  study i n  d e t a i l  t?,e ro l e  of the  Wench 
s c i e n t i s t  C.Flammarion i n  the  matter of spreading knowledge about astronomy i n  
general and the  problem of  l i f e  i n  the  universe in. par t icu lar ,  and t o  give It an 
objective evaluation, This i s  necessitated,  first, by the  rapid development of 
astrobotany which r a i s e s  the  qcestion of  vegetation on Kars a s  an integrable par t  
of  the  general question of astrobiology, t o  which C.Flanmarion devoted a corsid
erable portion o f  h i s  l i f e .  Nany problems t h a t  he raised were solved scient i 
f i c a l l y  by Soviet s c i e n t i s t s  who continued and developed cer ta in  aspects of PAS 
theory o f  l i f e  i n  the  universe. Second, numerous s c i e n t i s t s  liad a tendency, on 
one hand, t o  d i s t o r t  t h e  theory o f  C.Flammarion concerning l i f e  on other  worlds 
by quoting a t  random from h i s  individual works a d ,  on the o ther  hand, t o  draw 
a p a r a l l e l  between the  thus f a l s i f i e d  theory and cer ta in  basic  premises of the  
science of l i f e  on other  c e l e s t i a l  bodies - astrobiology (3ib1.1, 2, 3). There
fore, it i s  necessary t o  shed l i g h t  on t h i s  problem and t o  show what we have 
accepted from Flamnarionts theories  and what we a re  re jec t ing ,  t o  prevent the  
l a t e r  possible vulgarization of the  teachings of Flamarion and t o  f r ee  his 
hypotheses from i d e a l i s t i c  and metapwsical aspects  by definir,g what i s  most 
basic  and s c i e n t i f i c  i n  order not t o  lapse i n t o  eclecticism. Third, t he  publica
t ion  of many science-fiction books on astronoRv, which are qu i t e  diverse ar-d 
of ten poorly edited,  together with the  lack of any good popular book encompas
sing as much of astronomy as possible,  necessitated the t rans la t ion  o f  the re
cently published new edi t ion  "Astronomie Populaire'? by C. Flammarion (3ib1.18 ). 

Below, I will b r i e f l y  describe the  ceremony of placing a memorial plaque 
on Flamarionts  home (Bib1.L). 

October 27, 1955 marked the  ceremony of unveiling the  memorial plaque placed 
on the  w a l l  of the  house No.16 on Rue Cassini, i n  the  XIV D i s t r i c t  opposite the 
Pa r i s  Observatory, on the  corner of Observatory Lane, the  house i n  which C.7Lam
marion l ived for more than 50 years (at first the  en t i r e  year,  then beginning ir ,  
1833, a t  those periods when he w a s  not a t  h i s  Observatory a t  Juvisp). Here, he 
wrote h i s  "Rstronomie Populaire" which was published somewhat e a r l i e r  than the  
Review ''Astronomy" (1882), immediately before the  founding of  the  r'rench /251
Astronomical Society. I n  h i s  address a t  t h i s  ceremony, t he  vice chairman of the  
Par i s  Funicipal i ty  mentloned t h a t  among those gathered were many students of 
C . F l m r i o n ,  members of the  Council of  the  French Astronomical Society. They 
were all well-known astronomers and famous sc i en t i s t s .  Tne speaker fur ther  said,  
"For sixteen years C.Ebm"rion directed the  Acadeqy o f  Youth - an aid society 
and a seminar center. H i s  s c i e n t i f i c  and soc ia l  cognitior, hes been outlined 
before; kindness, f o r  him, was a natural  second aspect of science and thinking. 
For  C.Flammarion, j u s t  as f o r  an Athenian philosopher, it holds t rue  tka t  a m n  
of  science camot  help but  spread modesty a t  t h e  sme t ine ,  which const i txtes  aa 
expression of knowledge i n  a world of moralsrT (underlining i s  t h e  ac thor fs ) ,  
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l7lxniir5ori?s book llkstronomie Populaire??was t r a r . s l a t ed  i n t o  many languages and 
was d i s t r i b u t e d  throughout t h e  world. Imbued wi th  t h e  cosrif~cbeauty  which t h e  
s i g n t  of i n f i n i t y  opened be fo re  him, he wai ted t o  make a c c e s s i b l e  t o  many what 
had been t h e  p r i v i l e g e  of  a few. Fie always be l ieved  i n  p rogres s  and i n  t h e  
fu tu re .  

P ro fes so r  A.Danjon i n  h i s  speech poin ted  o u t  t h e  success  of t h e  f irst  publ i 
cat i0r .s  of  c. Flammarion "The M u l t i p l i c i t y  o f  Inhab i t ab le  Worldst1 and "The 
Wonders of  t h e  Sky". These works w e r e  t r a n s l a t e d  i n t o  a l l  languages. Under t h e  
patronage o f  C . F l m a r i o n ,  s c i e n t i f i c  s o c i e t i e s  w e r e  founded even i n  coun t r i e s  
where t h e r e  were few fo l lowers  of  astronomy. A.Danjon c i t e d  E h i l  Rore l  who 
s t a t e d  t h a t  C.Flammarion d i d  more than  many genera t ions  o f  t e a c h e r s  t o  propagate  
sc ience  and t o  determine voca t ions  (unde r l in ing  i s  t h e  a u t h o r r s )  and also Poin
car6  who rendered ;list due t o  t h e  s c i e n t i s t  who w a s  a t  t h e  s a m e  time a poe t ,  and 
a poe t  who was a t  t h e  s a m e  t i m e  a s c i e n t i s t  (unde r l in ing  i s  t h e  a u t h o r t s ) .  

A.Danjon concluded h i s  speech, llFlammarion w a s  c o n s t i t u t i o n a l l y  unable t o  
d i s t o r t  sc ience ,  t o  weaken it i n  o r d e r  t o  make it more e a s i l y  absorbed, t o  pro
claim knowledge without  making it vu lga r  - such was t h e  s logan o f  h i s  e n t i r e  
l i f e .  For t h r e e  q u a r t e r s  of  a century  t h e r e  has  n o t  been a s i n g l e  astronomer 
whose vocat ion has  no t  been aroused by  t h e  k a l l  of C.Flammarion.ll 

I n  h i s  address ,  t h e  mayor of  t h e  X I V  b i s t r i c t  s a id :  W h i l d r e n  now are 
a v i d l y  reading sc ience  f i c t i o n ,  b u t  C.Flammarion has  revealed t o  t h e  childrer! of  
my gerieration t h a t  r e a l i t y  by  far  exceeds any product  of human imagination. 
This  i s  why I a m  convinced t h a t  t h e  new e d i t i o n  o f  h i s  remarkable work TAstrono
mie Popula i re?  w i l l  a t t r a c t  our young people  t o  t h e s e  l o f t y  t ru ths ."  

Th i s  d e s c r i p t i o n  of  t h e  commemoration f o r  C.Fla"ar ion (Bibl .  L) r e v e a l s  
t h e  r e spec t  of t h e  French c o m u n i t g  f o r  t h e  s c i e n t i s t ,  f o r  h i s  enormous con t r i 
bu t ion  t o  popular iz ing  astronomy by democrat iz ing t h i s  sc ience  and b r ing ing  it 
t o  t h e  masses, by conver t ing  it from a cabinet-type l l a r i s t o c r a t i c r l  sc ience  t o  a 
popular  science.  Th i s  o r i g i n a l  i n t e n t i o n  of  C.Flammarion w a s  r e a l i z e d  only  i n  
t h e  USSR and i n  coun t r i e s  o f  t h e  Peoples? Democracy where a network o f  peoples?  
Observa tor ies  i s  be ing  constructed.  C.Flammarion?s c r e a t i o n  o f  t h e  French 
Astronomical Soc ie ty  and h i s  book "Astronomic Populaire"  are of importance no t  
only for t h e  French people  b u t  a l s o  for young s tuden t s  t h e  world over ,  who a r e  
founding astronomical  s o c i e t i e s  i n  a l l  coun t r i e s ,  and f o r  t h e  u n i f i c a t i o n  o f  
astronomers i n t o  t h e  I n t e r n a t i o n a l  Astronomical Union. Many of  us have become, 
or are becoming, astronomers under  t h e  impact of  t h e  s t imu la t ing  book "Astro- /252 
nomie Populaire". To write such a book it i s  n o t  enough t o  be a s p e c i a l i s t  i n  
t h e  f i e l d  and a , t e a c h e r .  A t  t h e  same time, one must be a poet .  The t r a d i t i o n s  
of  C . F l m a r i o n  were t o  a c e r t a i n  e x t e n t  continued by  t h e  Russian poe t  V.Ya. 
Bryusov, b u t  h i s  poems did n o t  become as widespread as t h e  works o f  C.Flammarion. 
Furthermore, V.Ya.Brpsov, d e s p i t e  h i s  encyclopedic knowledge, w a s  n o t  a profes
s i o n a l  astronomer,  and he d i d  no t  se t  o u t  t o  propagate  as t ronomical  knowledge. 
The writers and astronomers of t h e  USSR have every oppor tun i ty  f o r  c r e a t i n g  
Sov ie t  works t h a t  will n o t  be  i n f e r i o r ,  i n  t h e i r  s t imu la t ing  effect  on t h e  
reader ,  t o  Flammarionts books. The foundat ion  f o r  t h i s  has  a l r eady  been l a i d  by 
members of t h e  Astrobotany Sec to r ,  concerning l i f e  on o t h e r  p l a n e t s ,  and by t h e  
g r e a t  achievements of S o v i e t  s c i e n t i s t s  and engineers  who have c rea t ed  t h e  first 
a r t i f i c i a l  e a r t h  satel l i tes ,  
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2. 	 Flammarionfs Hypotheses on-Li fe  on Other Planets  and 
Cr i t i ca l  Evaluation~~ 

Some sc i en t i s t s ,  carried away by the  c r i t i c i sm of the  negative aspects o f  
C.Flammarionfs theory negate h i s  e n t i r e  wri t ings and especial ly  h i s  concept on 
l i f e  throughout t h e  universe (Bibl.1): "These thinkers  a t tack t h i s  question 
from a ma te r i a l i s t i c  position. However, the  idea of i nhab i t ab i l i t y  of other 
planets has been shared a l so  by outspoken idea l i s t s .  T h i s  concept has become 
especially popular as a r e su l t  of t he  a c t i v i t y  of t he  i d e a l i s t  and s p i r i t u a l i s t  
C.Flammarion." A t  the  I1 Congress of the All-Union Astronomical and Geodetic 
Society i n  Leningrad, t h i s  statement by V.G.Fesenkov met w i t h  objections by a 
number of  s c i en t i s t s .  It i s  impossible t o  agree t h a t  F l m r i o n  i s  only a mystic 
and s p i r i t u a l i s t  f o r  us;  he remains t h i s  only t o  very few individuals. For the  
overwhelming majority he i s  an outstanding propagandist of astronomical know
ledge, and many do not  even h o w  of h i s  metaphysical ideas. One camot  r e j e c t  
the  basic  progressive opinions of  t he  s c i e n t i s t  because of the  f a c t  t h a t  he a l so  
might have had some other  incorrect  opinions. We do not r e j e c t  Kewtonfs laws 
merely because of t he  f a c t  t h a t ,  a t  the  end of h i s  l i f e ,  he wrote an interpreta
t i on  of t he  Apocalypse. The diverse  opinions on F l m a r i o n ,  wri t ten during var i 
ous years, reduce t o  t h a t  C.Flammarion was widely known as the author of  popular 
science books on astronomy and science-fiction novels. He a l so  investigated 
Mars, t h e  moon, and double stars. H e  wrote a number of  papers on meteoroloa 
and physics (Bibl.16, 17, 19). I n  addition t o  popular science books, Flammarion 
wrote many books of  a philosophical nature, i n  which he professed himself an 
enemy of materialism and an advocate of mysticism and sp i r i tua l i sm (Eib1.17). 
V.G.Fesenkov (Bibl.1) wri tes ,  'With such an ideological objective it i s  natural  
t o  assume, despi te  common sense, t h a t  there  are i n t e l l i g e n t  beings on each 
planet, on each cosmic body of any significance. L e t  us  take,  for example, our 
moon ..." L e t  us also quote t h e  remarks by Flanrmarion himself (loc. c i t ) :  "In 
any case there  i s  a high probabi l i ty  t h a t  lunar  l i f e  began e a r l i e r  than l i f e  on 
earth and i s  ac tua l ly  i n  decline, The a c t i v i t y  there  i s  no longer as it had 
been a t  some previous time. This world i s  apparently i n  a s t a t e  of s i lence and 
t ranqui l i ty ,  an example a s  no other  world can give it. This i s  an indisputable 
phenomenon! However, t h i s  si lence,  which abounds i n  the  lunar  world and i s  @ 
so mysteriously manifest when observing, through the  telescope, the s t i l l  land
scape illuminated by the  night,  evidences t h e  r e l a t ive  t r anqu i l i t y  of t h i s  
c e l e s t i a l  body which once w a s  so r e s t l e s s ,  bu t  by no means evidences i t s  death. 
Probably, lunar  l i f e  i s  on the  decl ine but  it presumably has not ye t  "shed 
altogether;  perhaps the  las t  remnants of lunar mankind s t i l l  ex i s t  there  on the  
f loor  and velvety p l a in  of Plato,  i n  the  undulating va l ley  of Huygens, o r  on 
the  shores of t he  Mare Sereni ta t is ,  contemplating the  ear th  and asking them
selves how a planet  so stormy as ours and blanketed with clouds can be inhabited 
by de l ica te  and i n t e l l i g e n t  beings. 

Obviously, Flammarion did not base h i s  theor ies  on an ideological objective 
postulating the  obl igator iness  o f  l l f e  on the  moon, but  on the  inadequate ob
servational data  of  t h a t  time, which cer ta in ly  could not prove the  presence of 
l i v i n g  beings on t h e  moon. The absence of an atmosphere on the  won  was proved 
only recently. The theory of t he  or ig in  and evolution of the  moon i s  s t i l l  i n  
the  process of development. Consequently, during t h e  time of Flammarion there  
w a s  absolutely nothing known about conditions on the  moon in the  remote past ,  
but it was also impossible t o  r e j ec t  summarily an earlier biogenesis there. 
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iievertheless, Flammariori i s  cautious i n  describing l u n a r  l i f e  and, i f  he admits 
it a t  a l l ,  then only as c lose  t o  ex t inc t ion  owing t o  t h e  continued d e t e r i o r a t i o n  
of physical conditions. On page 519 of h i s  book, Flammarion wr i t e s  t h a t  we w i l l  
not necessar i ly  become e x t i n c t ,  s ince  we cannot poss ib ly  de f ine  t h e  limits of 
t h e  power of nature. T h i s  op t imis t i c  concept i s  supplemented by t h e  theorem of 
t h e  urLLidted power of man over na ture ,  of man's reasoning and technica l  know-
how which make use of t h e  most d ive r se  l a w s  of  nature. 

Flammarion a s s e r t s  t h a t  l i f e  i s  a t  t h e  upper l i m i t  of  development of nature. 
'YVhether we inhab i t  J u p i t e r  now o r  t h i s  evening or tomorrow i s  of l i t t l e  impor
tance t o  t h e  all-encompassing philosophy of Nature! L i f e  i s  t h e  end purpose of 
i t s  formation ( E i k 1 l . 3 ) ~  .just as l i f e  w a s  t h e  end purpose of t h e  formation of t he  
earti;. T h i s  i s  t h e  main thing. A moment, an hour means nothing?? ( B i b l . 5 ) .  I n  
t h e  a rea  of inorganic nature the  "end purposet1 i s  t h e  upper l i m i t  of motion, t he  
apex of t h i s  motion. On t h e  o the r  hand, M a r x i s m  teaches t h a t  "in na ture  nowhere 
i s  the re  a r ea l i zed ,  des i red  purpose .,." (Bib1.h). ??Purposes a r e  generated by 
ap objec t ive  world and are deemed t o  be accessiblet1 (Bibl.7). Since na ture  
e x i s t s  eterr ,ally,  as F l m a r i o n  himself notes,  then it i s  completely unimportant 
whether l i f e  a r i s e s  on a given c e l e s t i a l  body e a r l i e r  or l a t e r ;  what  i s  important 
i s  t h a t  it does o r i g i n a t e  a t  some po in t  during t h e  evolution of t h e  c e l e s t i a l  
body. A t  present i t  i s  known t h a t  a number of  c e l e s t i a l  bodies a r e  developing 
without passing through tke stage o f  being populated by l i v i n g  c rea tures ,  bu t  i n  
F l a m r i o n t s  time even h i s  own concept o f  l i f e  w a s  not d i s t i n c t l y  formulated, 
and r".Zngelsf formulation was not known a t  a l l  t o  many bourgeois s c i e n t i s t s .  
FlammarLonfs pos i t i on  t h a t  l i f e  develops, without end i n  space and i n  t i m e ,  i s  
confirmed here on our planet.  The d i s t r i b u t i o n  of microorganisms i s  extremely 
widespread ar.d t h e r e  seems no reason why l i f e  on e a r t h  should end i n  t h e  fore
seeable future.  The r e a l i z a t i o n  of space f l i g h t s  means t h a t ,  within t h e  rocket, 
bac t e r i a  could survive which, landing on o the r  p lane ts ,  could adapt t o  i t s  con
d i t i ons .  F . f ige l s  a l s o  asser ted  t h a t  l i f e  o r i g i n a t e s  first a t  one po in t  of  /251,
the  universe and then a t  another. Thus, t he re  i s  n e i t h e r  qys t ic i sm nor meta
ph:fsics i n  C.Flarrmarionts a t t i t u d e  toward the  question of l i f e  on o the r  planets.  
Eowever, Flammarion g rea t ly  exaggerated t h e  adaptive capab i l i t y  of l i v i n g  orga
nisms t o  h o s t i l e  environmental conditions. The main po in t  i n  h i s  teachings was 
t he  s t i pu la t ion  of  development i n  t i m e  and space and t h e  pos tu l a t e  of t h e  i n f i n i 
t y  of t he  universe i n  time and space, which i n f l i c t e d  t h e  g r e a t e s t  blow on ideal
i s m  and metapkysics. The c r i t i c s  of Flammarion, who were unfamiliar with h i s  
d i a l e c t i c  approach t o  na tu ra l  phenomena, d id  not know how t o  separate h i s  eclec
t i c  philosophy from s c i e n t i f i c  concepts and thus  themselves lapsed i n t o  e l e c t i 
cism. 

3. Evaluation of C.Flamrtarion by -Russian and Soviet  S c i e n t i s t s  
I_ 

Besides t h e  statements mzde above (Bib l . l ) ,  nowhere i n  t h e  l i t e r a t u r e  d id  
I f ind  such negative opinions of  Flammarion. Many pointed ou t  t h a t  he w a s  a t  
t h e  same  time a c l a s s i c a l  wr i t e r ,  a f i n e  poet, a philosopher-thinker, a meteo
ro log i s t ,  and a dar ing  ba l loon i s t .  E.Puyshe spoke about F l a m r i o n :  "He com
pe l l ed  us  t o  acknowledge and love  astronomy, one of t h e  most b e a u t i f u l  scien
ces  ...?I (Bibl.8). S.P.Glazenap a s se r t ed  t h a t  "The first works of C.Flammarion 
appeared i n  p r i n t  when most astronomers considered it beneath t h e i r  d i g n i t y  t o  
popularize this sciencet' (Bibl.9). "C.Flammarion belonged t o  t h e  same type o f  
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s c i e n t i s t s  as J. Herschel, Fr.Arago, C1.Bernard who a l l  considered it t h e i r  dut;,. 
t o  serve the  masses, reporting t o  them about t h e i r  discoveries and about the 
discoveries of o thers  i n  a form accessible  t o  a l l .  Flaxmarion should be a text
book fo r  any popularizer of astronomy, despi te  h i s  foreign, and sometimes hos t i le  
ideologyt', wrote S .V.Shcherbakov (Bibl.10). The ideolo5ical  errors of  FLam,rion 
jn h i s  popular books a re  so naive and i n  such contrast  w i t h  the basic  s c i e n t i f i c  
background, t h a t  they a re  received by the  Soviet reader as pure fanc:J end not In 
Reed of any special  exposure. For example, i n  one place he populates Mars with 
the  souls  of people who died on ear th  (Bibl.11). A.V.Vinogradov wrote: "His 
world outlook is ,  so t o  speak, patched together from many individual,  diverse,  
pure ly  randomly selected scraps of  contradictory i d e a l i s t i c  and naivel;.r materi
a l i s t i c  views taken from all possible systems, beginning with antiquity" 
(Bib1.12). But i n  no way should we forget  t h a t  Flamarion w a s  a grezlt a r t i s t  
and s t y l i s t ,  a wonderful popularizer who always h e w  how t o  give an account o f  
d i f f i c u l t ,  abs t rac t ,  and, a t  f irst  glance, d r y  questions i n  a simple and fasc i 
nating manner. Although F lmmr ion  was not an a t h e i s t  himself, he obJeetively 
played a major ro l e  i n  propagandizing s c i e n t i f i c  a t h e i s m  by popularizing the  
achievements of contemporary science, the  more so as he a t t rac ted  h i s  readers 
away from re l ig ion  w h i l e  not frightening them away by naked materialism. Flam
marion k n e w  how t o  spread h i s  knowledge where supers t i t ion  and prejudice rei-Fed 
(Bibl.13). ' I . . .  Living astronomy, a study of the  conditions of l i f e  i n  tPLeuni
verse, i s  the  most a t t r a c t i v e  aspect o f  astronomy", wrote Flamnarion i n  h i s  
autobiography, Since childhood he had studied b u t t e r f l i e s  and, beginning i n  
1881, he investigated l ea f  and blossom formation of the chestnut t r e e  and studied 
the  e f f ec t  of constant temperature on oaks, f inding t h a t ,  under such conditions, 
t he  t r e e  retained i t s  fo l iage  the  e n t i r e  year. F l m a r i o n  l i t e r a l l y  worshipped 
astronomy a s  the  science of the  l i v ing  universe. 

Thus, all s c i e n t i s t s  agree i n  a pos i t ive  evaluation with respect t o  /255
t he  a c t i v i t y  o f  C.Fla"arion as a popularizer of science, while a t  t he  same time 
unanimously re jec t ing  h i s  false i d e o l o u .  Not only Soviet s c i e n t i s t s  support 
such an opinion, bu t  also the  Russian s c i e n t i s t s  o f  the  end of  the l a s t  century. 

IL. Mult ipl ic i ty  of Inhabitable World s 

To judge Flamarionts  book ??TheMult ipl ic i ty  of Inhabitable 'dorlds't, we 
must examine the  h i s t o r i c a l  background of  i t s  publication. Only then w i l l  we 
be able  t o  say whether t h i s  book played a negative o r  pos i t ive  role.  Eefore i t s  
publication i n  France and other  countries, there  were many books devoted t o  l i f e  
i n  the  universe. These books frequently were not wr i t ten  by expert astronomers 
but  simply by lovers  of  sensation and easy p r o f i t  who used t h e  ignorance and 
g u l l i b i l i t y  of t he  reader. The matter went so far t h a t  cer ta in  wr i t e r s  asserted 
t h a t  they had seen f lying people and o ther  l i v i n g  creatures  on the  moon and other  
planets. Others wrote t h a t  such things had been seen by some of the outstanding 
astronomers of t h a t  time, for example, by Herschel who had t h e  most powerful re
f lectors .  Herschel then had great d i f f i c u l t y  proving t h a t  he had not seen any 
creatures and had not made any statements t o  the  jou rna l i s t s  t o  t h i s  effect .  
"he most unthinkable and f an ta s t i c  fabr icat ions were published by t h e i r  authors 
as ?'popular science'' where the  so-called la tes t  word i n  science was  c i ted ,  which 
w a s  frequently taken as t r u t h  by the  credulous public. This w a s  the  background 
against  which Flammarion's book appeared, wri t ten i n  beaut i fu l  language contain
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ing  all the  l a t e s t  information on p lane ts  and on the  p o s s i b i l i t y  of l i f e  on 
them, The author preached t h e  power of nature i n  i ts  endless forward s t r ide ,  i n  
i t s  development i n  time and space up t o  the  veqy highest form - t ha t  of l i v ing  
creatures on planets.  However, a l so  d i a l e c t i c a l  materialism teaches t h a t  nature 
endlessly develops i n  space and time, t h a t  it i s  i n f i n i t e l y  diverse i n  i t s  forms, 
and t h a t  i t s  power i s  inherent i n  t h i s .  That  portion of matter which assumed an 
in t e l l ec tua l  form and m n i f e s t s  i t s e l f  i n  human tnought and technology gradually 
becones predominant over o ther  elemental forces of nature, detect ing i t s  l a w s ,  
u t i l i z i n g  them, and thus subduing them. I n  t'ne cosmos, there  i s  nothing super
natural ,  nothirig t h a t  could stand above social  and na tura l  l a w s .  "If we imagine 
worlds t h a t  could be inhabited, we immediately conclude tha t ,  since they a re  
capable of supporting l i f e ,  they must necessarily be inhabited. If we imagine 
w o r l d s  t h a t  could not be inhabited,  we w i l l  j u s t  as promptly attempt t o  dis
prove support o f  l i f e  aEd thus come t o  think t h a t  such worlds a r e  ac tua l ly  un
inhabitable", wrote F l a m r i o n  (Flibl.15, p.85). Before one can a r , u e  against  
l i f e  OR a given planet ,  one must prove first tha t  i t s  physical environment does 
not meet the requirements t h a t  cons t i tu te  the  biological  laws f o r  the  genesis 
and develcpment of organisnis. The opponents of astrobiology proceed i n  the  op
pos i te  direction. The;? doubt the inhab i t ab i l i t y  of worlds capable of  supporting 
l i f e  ar,d spea:: for o r  against  i nhab i t ab i l i t y  o n l y  when the  absence of  l i f e  i s  
z n t a g o c s t i c  t o  the  laws control l ing the universe and l i f e .  Certain authors 
(E211.11~)believe tha t  d i r e c t  proof of deadmat t e r i s  more important than ob
servations or̂  l i v ing  matter or appearance of Life f r o m  great  distances. Both 
statements oi' tile problen ult imately lead t o  the t ru th .  The difference i s  
t%t the method o f  astrobiology, despi te  i t s  e r ro r s  and individual delusions, 

/25h 
will more rapldly lead t o  the  t ru th ,  whereas the  opposite method of proof i s  
tedious and c i rcx i tcus  and shelves solut ion of the. problem u n t i l  in terplanetary 
or even l n t e r s t e l l a r  and in t e rga lac t i c  t r a v e l  w i l l  be possible. Even then, t h i s  
will not yield a general solution of t he  problem of l i f e  i n  t h e  universe, since 
the wminvestigated portion of  space will always be immeasurably greater  than the 
investigated segment, leaving su f f i c i en t  room for skepticism. During Flammarion*s 
t i n e ,  the  philosophical be l i e f  i n  the  existence of a multitude of populated 
worlds was Rot supported by astronomical observations o f  Mars and other  planets. 
lier,ce, it i s  obvious t h a t  the  crux or" t he  matter does not l i e  i n  the ideological 
aspects but i n  physical. conditions, for example, i? the  presence of a i r  on the  
moon, which w a s  the  prerequis i te  for Flamar ionts  conjecture on the  poss ib i l i t y  
of  l i f e  (Bibl.15, p.21). A t  a given stage o f  evclution, the  highest form of 
matter a r e  i n t e l l i g e n t  beings; before t h i s ,  matter must proceed t o  develop every
where where physical conditions permit. Laplace asser ted t h a t  by analogy, on 
other  p l a r e t s  as on ear th ,  s o l a r  radiat ion will cause the  development of animals 
and plants.  Today we know t h a t  a simple analogy i s  in su f f i c i en t ,  It i s  neces
sary t o  take i n t o  account t he  t o t a l i t y  of a l l  physical  conditions generating 
l i f e  on planets,  i n  order t o  Judge the  propert ies  of l i v i n g  creatures. A t  t h e  
time of F l m a r i o n ,  the  e s sen t i a l  fea tures  of the  moon were already known, which 
postponed the  answer t o  the  question on inhab i t ab i l i t y  ( B i b l . 1 5 ,  p.59). The 
care with which Flammarion spoke about inhabi tab i l i ty ,  completely re jec t ing  l i f e  
on the  sun and stars, i s  charac te r i s t ic .  Speaking about t h e  insignif icance of 
t he  in s t an t  of t i n e  f o r  t he  o r ig in  of worlds and l i f e  on them (Bibl.15, p.90), 
Rammarion refuted the theory of t he  creat ion of t h e  world and i t s  end. He 
fought against  geocentrism, asser t ing  t h a t  the  ear th  has no advantage over any 
other  planet  (Bibl.15, p.93). H e  a t t r i bu ted  great  s ignif icance t o  the  ro l e  of 
external  environment and physical conditions necessary f o r  t he  origin of l i f e  
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(Bibl.15, p.100). Flsmarion closely approached the  d i a l e c t i c  laws of  the  mi
versa l  i n t e r r e l a t ion  and causal i ty  of events, t h e  uni ty  and struggle o f  oppo
sites (Bib1.15, p.llL). The term "goal" t o  him meant something higher t o  which 
the  development of matter from a lower state unconsciously s t r ives .  Not Paowing 
the  t rue  physical conditions of t he  atmosphere of Jupi te r ,  Flamnarion did not 
i n s i s t  on i t s  inhabi tab i l i ty ,  leaving t h i s  t o  depend d i r e c t l y  on natural  condi
t ions,  meaning t h a t ,  as i n  the  case of  t h e  moon, t h e  physical conditions ra tner  
than a preconceived notion would be primary (Bibl.15, p.132). A comparison of 
the  statements by C.Flammarion (Bibl.15, p.llLO) 'with those by V.G.Fesenkov 
(Bibl.1) shows t h a t  both authors agree t h a t  l i f e  i s  not an exceptional phenome
non i n  t h e  universe and t h a t  l i v i n g  matter i s  j u s t  as natural  a form of matter 
a s  my other. 

The social  views of Flamnarion a r e  characterized by the  f a c t  t h a t  he w a s  
well aware of the in jus t i ce  of  t he  bourgeois s t ruc ture  ( B i b l . 1 5 ,  p.135). Se be
lieved tha t ,  on any planet,  mankind i n  t h e  will reach scch a perfect  s t a t e  t h a t  
freedom of  act ion will on ly  lead t o  good (Eib1.15, p.215), i .e . ,  xi11 lead t o  
Communism. 

We have shown here t h a t  Flammarion c l ea r ly  understood the l a w  of d i a l ec t i c s  
(Bibl.15, ~p.11~7,l9k) .  He considered the  philosophical theory of the  mi l t i 
p l i c i t y  o f  inhabitable worlds as a t r u l y  s c i e n t i f i c  problem and did not associ
a t e  it w i t h  any re l ig ious  teaching (Bib1.15, p.257). The Eos t  importark shor t 
coming i n  the  teachings of Flammariori was  his contribution of teleoloC,-. F1m.
msrion was led  a s t r ay  by the  circumstance tha t ,  du.ring development of  matter 
from lower t o  higher, matter which i s  conscious or i t s e l f  i s  the  hSghest form 
o f  matter a t  the  given stage of  i t s  development. The main v i r tue  of h i s  /257
teachings i s  the  recognition of t he  e t e rn i ty  and i n f i n i t y  of matter. I-Ie cori
s ide r s  nature primary, l i f e  as dependent on the  natural  environmentzl conditior,s, 
and the  problem of i t s  presence on p lane ts  a s  solved on tine b s s i s  of  prac t ica l  
experience. 
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PROBLEPE OF ASTROBIOLOGY AT THE IMTEFLKATIOTJAL Sl7G'OSIUN /25r
OR THE PROBLEN OF THE ORIGIN OF LIFE OK BIRTH 

If. I. Suvorov 

In  recent years, there  has been a l i v e l y  discussion concerning the  possi
b i l i t y  and d i s t r ibu t ion  of l i f e  i n  the universe. The problems under discussion 
have been t rea ted  i n  special  and popular science l i t e r a t u r e ,  both Soviet (Eibl.E, 
10, 11) and foreign (Bibl.17, 18). The problem of the  inhabi tab i l i ty  of the  
planet Mars has a t t rac ted  pa r t i cu la r  a t tent ion,  since considerable fac tua l  ina
t e r i a l  has been accumulated concerning the  presence of  p lan t  l i f e  on t h i s  celes
t i a l  body. Various opinions have been expressed concerning t h e  origin and evo
lut ionary l e v e l  of l i f e  on other  planets. Two bas ic  as t robiological  trends 
have been determined i n  biology and planetary astronomy. 

I n  the  astrobiological  school of G.A.Tikhov, generalization o f  the  f a c t s  
and ideas  about cosmic l i f e  i s  based on the  pr inc ip les  of Michurints biology. 
I n  the  evolution o f  s t e l l a r  systems, there has been a perFod o f  r e l a t ive ly  
s tab le  energy conditions during which chemical motion i s  able t o  reach i t s  high
e s t  l eve l ,  namely, the formation of  proteins. I f  t he  surface of a planet i s  
endowed with conditions permitting the development of proteins  i n  a col loidal  
s t a t e ,  then, a t  a ce r t a in  l e v e l  of chemical motion, there  inevi tably will be a 
d i a l e c t i c  t r ans i t i ona l  jump of t h i s  notion t o  a higher biological stage. The 
simplest forms of l i f e  can arise from the  most complex i n e r t  substances, namely, 
proteins. Apparently, a t  f i r s t  a l i v ing  substance w a s  formed which w a s  s imilar  
t o  a protoplasmic mass, from which individuals (coacervates) became isolated.  
The simplest l i v i n g  creatures  became widespread i n  various environmental habi
ta t s  and developed d i f f e ren t  types of metabolism. Life,  a t  ar, ear ly  stage, took 
on a species form of existence. Numerous species populated the  en t i r e  surface 
of the planet,  forming the  biosphere ( l i t h o  sphere, hydro sphere, and a t m  sphere ), 

From the  most general point of view, l i f e  in the  universe i s  a completely 
r e - d a r  and widespread phenomenon. During the  evolution of l i f e ,  a t  a particu
l a r  l e v e l  o f  development, biological  movement changes t o  social .  In t e l l i gen t  
soc ia l  creatures,  capable of working, appear which become self-cognizant and 
aware of t he  surrounding world and able t o  transform nature and society. Thus, 
the  propagation of r a t iona l  l i f e  i n  the universe i s  admitted (Bibl.6). 

Such concepts a re  being developed by astronomers of t he  USA and b io log i s t s  
of China and a re  finding support by s c i e n t i s t s  of other  countries where astro
biological  invest igat ions are i n  progress (Bibl.3 ). For example, American 
astrononers (Harlow, Shapley, and others)  reckon in t h e  Milky Way system, 
i.e.,  i n  our Galax; . ,  about 10  b i l l i o n  s t e l l a r  systems i n  which l i f e  i s  assumed

/;259 

on the  planets. 

The a s t r o p h p i c a l  school of V .G.Fesenkov i s  developing opposite opinions. 
Theoretically, on the  bas i s  of the  philosophical premises of d i a l e c t i c a l  materi
a l i s m ,  the  existence of su f f i c i en t ly  diverse l i f e  i s  assumed in an i n f i n i t e  uni
verse. However, i n  spec i f ic  regions of t h e  universe, f o r  example i n  a given 
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gc..i.ax:r, lji 'e i s  considered t o  be  a very rare phenomenon, Here, V.G.Fese&.ov ar?d 
A .  1 . C p r i n  (3ib1.12) ca l l t ions ly  suggest ,  on t h e  b a s i s  of  t h e i r  mathematical 
ca l cda t io? . s ,  %:rat,"only i n  one case ir. a m i l l i o n  will we f i n d  a p l ane ta ry  system 
O K  wl-,ich t h e r e  can be  organic  l i f e  i n  any formf1 (Bibl.13, p.13). Many t e n s  of 
in i l l ions  o-?s te l la r  systems are considered t o  be unsu i t ab le  for t h e  o r i g i n  of  
life, based on a n u h e r  of  f e a t u r e s ,  mainly t h e  i n s t a b i l i t y  of er?ergv condi t ions.  

Ce r t z in  astronomers,  d ragg i rg  i n t o  modern sc ience  t h e  o l d  figment o f  geo
ceztr ism,  a r b i t r z r i l y  i n t e r p r e t  t h e  concept of progress ive  evolu t ion  of  matter, 
,".._c;q i s  especialPT importar,t i n  tile ph i losoph;~o f  d i a l e c t i c a l  m a t e r i t x l i s m ._ _  
The higiiest  forins of ex i s t ence  o f  matter - chemical, b i o l o g i c a l ,  and s o c i a l  
novements - ca-, only occur  on p l ane t s .  It would seem e n t i r e l y  l o g i c a l  t o  con
s i d e r  t!-,e plaTetaq7 per iod  of  cosmic evolu t ion  t o  be more progress ive  than  t h e  
i n i t l a l  per iod 0: stellar evolu t ion ,  when intra-atomic processes  o f  t h e  develop
xerrt o f  e1e:;ierita;T material forms preva i led .  However, t h e  Sov ie t  astronomer 
Yu.G.Perelt asserts t h a t  t h e  theory  of' the  p rogres s ive  cha rac t e r  or"p lane ta ry  
deve1opner.t oi" t h e  s te l lar  system i s  a "doubtful attempt of  applying t h e  laws 
oi' t h e  (level-opnect of  s o c i e t y  t o  t h e  development of nature" (Bibl.5, p.8CC;). 
DeryTirl,g ti;e a p p l i c a b i l i t y  of t h e  concept of p rogres s ive  development t o  s t u d i e s  
on t?,e C G S ~ ~ Cpkenor.ena of na tu re ,  Yu.G.Perel9 r e j e c t s  (without p r o o f )  one of  
t h e  rrcst Important premises of hbrxist d i a l e c t i c s  on t h e  u n i v e r s a l i t y  o f  t h e  
prosreas ive  developmeiit of matter ori the  b a s i s  o f  t h e  s t rugg le  o f  i n t e r n a l  con
tr2dlct ior :s .  Yu.G.Perelf, ir. t h i s  case,  a r b i t r a r i l y  i n t e r p r e t s  t h e  well-lx,own 
post,iLa',e b;- ?.&:qels cor:cerniri,: t h e  eterrial cyc le  of  matter, "in which t h e  
t h e  0:" t h e  h ighes t  development, t h e  t i m e  of organic  l i f e  and, even more so,  
t?e t irre of kk,e l i i - e  ~f c r e a t u r e s  who a r e  cognizant  o f  themselves and of  na ture  
i s  j u s t  as scar . t i ly  meaxred  as i s  tlie space wi th in  which l i f e  and self-consci
cuscess  e x i s t "  (3ibl.66>,p.20). This  s ta tement  by F.Engels, i n  t h e  opin ion  of 
Yu.G.Ferelf, so t o  speak confirms t h e  hypothesis  defended by t h e  school of  V.G. 
Feser.l;ov, th t  t h e  o r i g i n a t i o n  o f  t h e  combination of  envirormental  condi t ions  
r i e c e s s q r  for t:?e 0ri.g-k of  l i f e  "is no t  a f r equen t  event  i n  nature"  (Bibl.5, 
p. TQ). Actual ly ,  i r ?  t h e  i r> t roduc t ion  t o  "Dia l ec t i c s  o f  Ijature" F.Ehgels as
s e r t s  the  i d e a  o f  the r e g p l a r  occurrence a.Ed ine rad iczb leness  of  l i f e  i n  t h e  
l ' P=..iverse : ?Je hzve t h e  c e r t a i n t y  t h a t  matter, i n  a l l  i t s  tr .~insformations,  re
naies e t e r n a l l y  one and t h e  same, t h a t  not  one of  i t s  a t t r i b u t e s  can ever  be 
l o s t  and t h a t  t h e r e f o r e  wi th  t h e  same inesca.pable n e c e s s i t y  wi th  which i t  w i l l  
sm.e t i m e  a rn ikda te  i t s  t e rndna l  f lower - tlie th ink ing  mind - on e a r t h ,  i t  w i l l  
have t o  geiierate it aga in  somewhere i n  some o t h e r  p l ace  a t  some o t h e r  t i m e "  
( B i b l . 1 6 ,  p.21). Thus, t h e  a t t empt s  of t h e  ast ronomers  of  V.G.Fesenkovfs school 
t o  prove t h e  exc lus iveness  of l i f e  on e a r t h  and i t s  extreme r a r i t y  i n  t h e  u n i 
ve r se  i r r  no way ag rees  wi th  t h e  philosophy o f  d i a l e c t i c a l  materialism, al though 
they  assert i n  'every m y  p o s s i b l e  t h a t  t'his problem i s  independent of philosophy. 

As t robio loGis t s  cons ider  a number of  t h e  p l a n e t s  o f  o u r  s o l a r  system in
hab i t ab le ,  c ~ i ~ l yMars and Venus. In  connection wi th  t h i s ,  a s p i r i t e d  d i s - /260 
cussion a r o s e  betweeri s c i e n t i s t s  o f  d i f f e r e n t  op in ions  on t h e  ques t ion  of  p l a n t  
l i f e  on Mars. The cond i t ions  for tk ,e  c r e a t i o n  o f  l i f e  on Tlars, according t o  t h e  
ps l eobo tan icz l  hyyot:?esis of G.A,Tikhov (Eibl.  7, 9) ,  were favorable  i n  t h e  re
mote pas t .  A s  t h e  environment f o r  l i f e  on this p l a n e t  d e t e r i o r a t e d  (cool ing,  
d q i n g ,  t h inn ing  of  t h e  a tnosphere)  p rogres s ive  b i o l o g i c d  evo lu t ion  w a s  stepped 
up. I i ighlg developed orgznisms are b e s t  adapted and best  adapt  t o  requirements 



of  t h e  an3ien t  medium. A t  p r e sen t ,  the green-blue p a r t  of t k e  F a r t i a n  sur face  
i s  covered by b i o l o g i c a l l y  h igh ly  developed p l a n t s .  The assunpt ion,  m d e  b:. 
c e r t a i n  astronomers,  t h a t  Fars i s  populated only by lower o r g a n i s m  does no5 
s tand up t o  s c i e n t i f i c  Cr i t ic i sm.  L i f e  could no t  have o r ig ina t ed  on FIars a t  a 
l a t e  per iod  o f  evolu t ion  of i t s  sur face ,  when condi t ions  w e r e  t o o  harsh ,  sFeci
f i c a l l p  when cons ider ing  t h a t  t h e  condi t ions  for b iogenes i s  were muck Tore 
favorable  i n  t h e  p a s t .  To b e l i e v e  t h a t  l i f e  orl Mars developed i n  t h e  remote 
p a s t  and then  became more simple, would mean t o  ag ree  - 4 t h  t h e  theoqr  o f  r e t r o 
grade evo lu t ion  which i s  riot reco@zed i n  m a t e r i a l i s t i c  biology.  

Therefore,  t o  s u b s t a n t i a t e  h i s  p o s i t i o n  of  nega t ing  t h e  h a b i t a b i l i t y  of 
bIars, V.G.Fesenkov hypothesized t h a t  t h e  surface of  t h i s  p l a n e t  was -icithout 
water  from t h e  very  beginning. Such a kypothes is  i s  founded on very  hypotl?eti
c a l  cosmogonic cons idera t ions .  It i s  assumed t h a t ,  beczuse of  i t s  r e l a t i v e l y  
s m a l l  mass, Mars l o s t  i t s  l i g h t  gases ,  inc luding  hydrogen, a t  an e a r l y  s tage.  
Hence, "it would fo l low t h a t ,  i f  a t  p r e s e n t  t h e r e  i s  extremely l i t t l e  water  orl 
Xars, t h e r e  i s  no reason t o  assume t h a t  condi t ions  were much d i f f e r e n t  i n  the 
p a s t  epochs of ex i s t ence  o f  t h i s  p lane t t t  (Bibl.13, p.7). 

This  cosmogonic hypothesis  connects with t h e  problem of  t h e  or ig i r i  o f  l i f e  
on ear th .  It i s  e n t i r e l y  l o g i c a l  t h a t  c e r t a i n  a s t r o b i o l o g i c a l  problems were 
r a i sed  a t  t h e  I n t e r n a t i o n a l  Symposium on t h e  Problem or" t h e  Or iz in  o f  L i f e  or! 
Earth, held i n  PIoscow on Au,gust 1957. 

The paper  b:,r V.G.Fesenkov on t h e  o r i g i n a l  s ta te  of t h e  e a r t h  pos tu l a t ed  t h e  
theory  of  a sepa ra t ion  of  j u v e n i l e  water f r o n  t h e  bowels of  t h e  e z r t k  a s  t h e  
p l ane t  hardened. A primeval ocean, enriched with d isso lved  migratir ,g chemical 
elements was crea ted .  "Without t h e  presence of  such a n e d i m ,  organic  l i f e  
could no t  a r i se  ... , On a p l a n e t  such as Mars, where t h e r e  never were zny oper, 
water bodies ,  a medium necessary  f o r  t h e  genera t ion  of organic  matter c0xl.d n o t  
be created" ( R i b l . l f c ,  p.lL), 

Such an a s s e r t i o n ,  t y p i c a l  f o r  t h e  ast roph>-sical  school of Y .G.Fesenkov, 
came under j u s t i f i e d  c r i t i c i s m ,  mainly from b i o l o g i s t s .  The Sovie t  b i o l o g i s t  
R.P.Derg i n  h i s  r e p o r t  "Certain Conditions f o r  t h e  Development ol" L i f e  on Earthf1,  
stated t h a t  l i f e  could ar ise  n o t  on ly  i n  t h e  ocean b u t  a l s o  on cor . t inents  

p.l&). It should be  mentioned t h a t  nosf, b i o l o g i s t s  cons ider  t h e  cor.ti
n e n t a l  and c o a s t a l  shallows t o  be t h e  most favorable  medium �or t'ne formation o f  
c o l l o i d a l  p r o t e i n s  and t h e  development o f  metabolism. A t  t h e  S;mposiwn, t h i s  
p o i n t  of  view w a s  supported by  J.Berna1 (England). Ca l l ing  t h e  process  o f  t h e  
formation of l i f e  %iopoiesis" ,  he and o t h e r  s c i e n t i s t s  a t t r i bu . t e  g r e a t  s i g n i f i 
cziiice t o  t h e . a d s o r p t i o n  of  molecules i n  t h e  "probio t ic  bro thr r  on n i n e r a l  par
t i c l e s ,  most f r e q u e n t l y  c lays ,  which i s  considered t o  be t h e  second s t a g e  ol" bio
poies i s .  The optimum condi t ions  f o r  t h e  occurrence of t h i s  process  "probabl:: 
ex i s t ed  only  i n  ni t rogenous soils, i n  submerged mud f la ts ,  on d r y  land ,  or /25l  
i n  a l t e r n a t e l y  dry and m o i s t . l a n d  as, for exzmple, i n  t i d a l  e s tua r i e s "  (5ib1.1, 
p.32). Conventional b i o l o g i s t s ,  f o r  example, V . R . V i l T ; ~ a m s  (Eib1.2), have long 
ago s t i p u l a t e d  t h e  theory  o f  t h e  o r i g i n  of l i f e  i n  moist  l oose  l a y e r s  on t h e  
sur face  o f  con t inen t s  or i n  shal low b a s i n s  (Bibl.15). 

Consequently, from t h e  b i o l o g i c a l  viewpoint,  t h e  presence of  oceanic  masses 
of water on a given p l a n e t  i s  n o t  a p r e r e q u i s i t e  f o r  l i f e  t o  arise. ~n I'ichurin's 



biolo,g,r, t he  b a s i c  law of  l i r e  i s  t h e  continuous i n t e r r e l a t i o n  of  l i v i n g  
c r e a t u r e s  w i t ; ?  envlronneiitz.1 condi t ions ,  accomplished in t h e  metabol ic  process .  
Under similar en7,rirormental condi t ions ,  t h e  v a r i a b i l i t y  of o rgan i sns  i s  r e l a t i v e 
l y  weakly manifested and t h e  evo lu t iona r J  process  i s  retarded.  If t h e r e  i s  a:? 
except iona l  a n a "  of  water  on a p l a n e t  (and we can imagine p l a n e t s  whose sur race  
i s  covered blr one giant, ocean over  a long per iod  o f  geo log ica l  t i m e ) ,  a q x a t i c  
l i f e  will not  proceed fa r  a long  t h e  p&th of evolu t ionary  development. On land ,  
t h e  env i romen5a l  cond i t i cns  are more d i v e r s e  and d i s t i n c t ,  changing more quick
ly ;  t he re fo re ,  lard l i f e  w i l l  alwa;,rs be on a !ii,yher evo lu t iona l  s t a e  tha?  
aqua t i c  l i f e .  T h e  aqua t i c  rtreasoningtt  salamander of Karel Czapei.: i s  incompre
her .s ible  t o  t h e  b i o l o g i s t .  I n  t h e  geologica l  cyc le  of  mat te r ,  l and  organisms 
c rez t e ,  on t h e  con t i aen ta l  sur face ,  s o i l s  and d i v e r s e  substances,  p r i m a r i l y  
ni t rozenous,  which over  t h e  w a t e r  cyc le  e n t e r  t h e  bJorld Ocean. Aquatic l i f e  i s  
unthinkrable, i s o l a t e d  from l i f e  on land. The t r a d i t i o n a l  t heo ry  of  t h e  emerg
er,ce 0: zf i i i i~lsa d  p l a n t s  a t  t h e  beginning of  t h e  Paleozoic  onto l a n d  which, 
before  t h i s ,  t a d  bezn d e s e r t  i s  q u i t e  untenable.  The c r a d l e  of l i f e  i s  water,  
'out r,ot r-ecessaril ; .  oceclr.ic. Evidently,  t h e  evo lu t iona l  development of  l i f e  
koCk or: l and  and i n  water  has  been going on s i n c e  -the remote p a s t ,  and both 
n:cin pathxays of  t h e  evoln t ion  o f  spec ie s  on e a r t h  were i n t e r r e l a t e d .  

Thus, modern concepts on t h e  o r i g i n  of  l i f e  on e a r t h  are intimately con
riected w i t h  t h e  a c t u a l  b i o l o g i c a l  theory  and are f a r  from t h e  a s t rophys ica l  
h:.Totkeses of  except iona l  ra r i ty  of  l i f e  i n  t h e  universe .  
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. “Tbe aeronautical and space activities of the United States shall,be 
conducted so as to contribute . . . to the expansion of human Rnowl
edge of phenomena in the atmosphere and space. The Administration 
shall provide far the wid& practicable and appropriate dissemination 
of informatioq concernGig. its activities and the results thereof .” 
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